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LWAD 300 | LWAD 450 | LWAD 600 
A.c.| 34-315 | s9—450 | 116—625 
CURRENT RANGE 
D.c.| 27-250 | 47—360 95—520 
- ONLY OIL-COOLED 
MAX. ‘ 
ac/DC WELDING EQUIPMENTS Sanpeumons | | O™ vee = 
CURRENT D.c. 200 280 520 
AVAILABLE IN GREAT BRITAIN 
PRICE £310 £385 £495 
The turn of a switch gives a choice of A.C. or D.C. welding J 
current, 
This advanced design of portable single-operator welding Send for full details to: 
equipment employs extremely efficient silicon diode rectifiers, The ENGLISH ELECTRIC Company Limited, 


. : : : Welding Equipment Division, 
protected against transient voltage spikes and completely oil- 


Clayton-le-Moors, Accrington 


immersed for maximum cooling. The simple and robust 
construction ensures long, economical trouble-free service 


with virtually no maintenance. 






Provision is made in all sets 





for inbuilt power 


factor correction. welding 
A.C/D.C equipment 








THe ENGLISH ELECTRIC Company LIMITED, ENGLISH ELECTRIC House, STRAND, LONDON, W.C.2 





WORKS: STAFFORD PRESTON * RUGBY ° BRADFORD LIVERPOOL ACCRINGTON 


WA.28 


inside front cover 





and NOW 
ft I, hou r VERTICAL 


WELDER 


A new conception in vertical 
FE R | CG A / f y welding, the Vertomat will have 


wide application in the building of 


















oil tanks, shipbuilding and 


p 0 n 1 / x D i at e general engineering. 


® Costly plate preparation 
eliminated. 


= @ All welding by single ! 
W I pass—inter-pass } 
Ss 8 68 de-slagging and chipping 

eliminated. . 


® Accurate plate alignment 
not essential. 


@ High thermal efficiency 
materially reduces power 
consumption. 


® Light, easily handled 
equipment. 


@ Power source by normal 
D.C. welder. 





@ Very high rate of 
deposition—up to 38 
pounds per hour. 


ROCKWELD™ 


COMMERCE WAY - CROYDON - SURREY - TEL: CROYDON 7161 








a good job well done! 








Member of 
the Owen 
Organisation 


VICTA 


You can depend on INVICTA Electrodes to do the P 
job because they have been specifically designed for easier, ; 
better, and speedier arc welding. The INVICTA range of 

electrodes accommodates a wide field of arc welding 

requirements, all of which are unique in simplicity of 

operation. Weld deposits are smooth and free from 

impurities, with excellent mechanical properties. These 

features have made INVICTA Electrodes the choice of 

leading Shipbuilding Yards and Engineering Works 

throughout the World. 


Ask for the INVICTA catalogue, which tells more 


about the INVICTA range. 
Ly 
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INVICTA ELECTRODES LIMITED 


BILSTON LANE, WILLENHALL, STAFFS. 
Telephone: James Bridge 3131, Ext. 308 


é 














BRITISH WELDING JOURNAL 











Tr 


a 














This is the one you don’t 





Since Patent Weldnuts were introduced by GKN, 
hundreds of thousands of hours have been saved in 
assembly time. These precision-made fastenings are 
used on car-bodies, cookers and combine harvesters, 
to provide tapped holes in sheet metal where access to 
the back of the sheet is impossible. Weldnuts are self- 
locating for rapid projection welding. They cannot 
work loose. The weld is always stronger than the 


parent metal. The other side of the sheet is always flat. 
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WELDNUTS 


WORLD WIDE PATENTS 


GUEST KEEN & NETTLEFOLDS (MIDLANDS) LTD., 


BOLT & NUT DIVISION 


ATLAS WORKS, DARLASTON, SOUTH STAFFS. 


Telephone: James Bridge 3100 (10 lines) Telex: 33-228 
D/WN/774 
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Specialists NVE-V Celle Miclelater-tilela 


and fusion welded 


in weld are pressure vessels to Lloyds 


Class 1 ASME, AOTC codes 


alloy steels and similar 


specifications. 


lalre male) anaislaaelers 


— JENKINS 


Aluminium, Aluminium Bronze 





of Rotherham 


Clad steels, Hastelloy 
Inconel, Monel metal, Nickel 


Stainless Steel. Titaniun 
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MARCONI ror 
INDUSTRIAL 


X-RAY 


APPARATUS 





Setting up a 250-kV Marconi Mobile X-ray apparatus for 
radiography of the longitudinal seam of an air receiver at the 
works of The North Eastern Marine Engineering Co. Ltd., 
Wallsend. (A member of the Richardsons, Westgarth group.) 


CONSTANT 
POTENTIAL 


EQUIPMENT 











industries, including shipbuilding, aircraft, iron and 
steel, motors, boiler-making and heavy electrical en- 
gineering. For full details of this versatile equipment, 


send for leaflet AQ24. 


The Marconi 250-kV Industrial X-Ray Unit offers 
every feature desired by the discriminating industrial 
physicist and radiographer. Completely British made, 
including insert, it is widely used in a number of 


MARCONI (7 4- Kay 


Please address enquiries to MARCONI INSTRUMENTS LTD. at your nearest office: 
Midlands : North: Export Department? 
St. Albans, Herts. 


Marconi House, 24 The Parade, Leamington Spa. 23/25 Station Square, Harrogate. 
Telephone: 1408 Telephone: 67455 Telephone: St. Albans 59292 








London and the South 
English Electric House, Strand, London, W.C.2 
Telephone: COVent Garden 1234 





1X24 
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only FIRTH-VICKERS make 


For over 25 years ‘Staybrite’ F.D.P. steel has 
been the standard material in the construction 
of a wide range of chemical plant. It is also 
used for storage and transport in the chemical, 
dairy and brewing industries, and is extensively 
applied in all types of power production. 

Technical information on the use of all Firth- 
Vickers steels, together with technical literature 


are always available on request. 














FIRTH-VICKERS STAINLESS STEELS LTD., SHEFFIELD 


— the only Company in Europe to devote its activities exclusively to 
the production and development of stainless and heat-resisting steels. 
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And now 





availabie for the first time 


.. the famous 


Bedford light van 


with diesel power 





FIRST CHOICE FOR THE 





HIGH MILEAGE OPERATOR 


THE NEW Bedford diesel vans now join the 
famous family of petrol-engined models. Power 
unit is the well-proved Perkins 4/99 diesel— 
simple, dependable, economical. This modern, 
high-speed diesel develops maximum power at 
3,600 r.p.m.; presents a lively turn of speed, 
first class acceleration and hill-climbing. 

It is installed on the Bedford assembly line as a 
regular production unit, and prices thus reflect the Top value for money in dependable diesel transport. 


economies made possible by large volume manufacture. 


10/12 cwt. 15 cwt. 

First-class service and low-price parts are available 98" wheelbase chasis £480 £490 
everywhere through Bedford dealers. Ask your local 102” wheelbase chassis £490 £500 
Bedford dealer for full details and a demonstration. 90” wheelbase van £580 £590 
102” wheelbase v2n £600 £610 


Better buy Bedford 200,000 < 8 years proof. Behind the new Bedford diesel 


is the reliability that comes from building more than 

200,000 petrol-engined vans to a sound basic design 
Vauxhall Motors Limited, Luton, Bedfordshire. developed and improved over 8 years. 

All prices include spare wheel and tyre. 
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SPRAY- 
FUSING 
“*Stellite”’ 
powder being 
sprayed on 
components prior 
to fusion by the 
oxy-acetylene 


MODERNISE D 
HARDFACING... 


The introduction of “Stellite’’ powder in 





1957 made possible the depositing of seit 
cobalt base alloys by the spray-fusing and 

powder welding techniques. These pro- 

cesses are an economical and extremely 

fast means of protecting components 

subjected to conditions of heat, abrasion 

and corrosion with the “‘Stellite” cobalt- POWDER 
chrofium-tungsten range of alloys. A se 


smooth surface finish and sound metal- 
lurgical bond is produced and the 
processes are ideal for hardfacing a wide 
variety of wearing parts with “‘Stellite”’ 


powder being 
sprayed and 
simultaneously 
fused by a 
powder welding 
torch. 








DELORO Send for publications B.39 and B.40 
STELLITE 
The names “Deloro”’ and “‘Stellite’* are registered trade marks 


DELORO STELLITE LIMITED - HIGHLANDS ROAD - SHIRLEY - SOLIHULL - WARWICKSHIRE 
DELORO STELLITE DIV. OF DELORO SMELTING & REFINING CO. LTD. BELLEVILLE - ONTARIO - CANADA 


AD.NO318 










The world’s foremost 


metal spraying specialists 


9 Up 2 . 2H iy —_ wig SS aan 
jt Ty if \\ KK 
U4 Uff”. a il gra ~ = 


Uf iff} mt fi” sige ett wae 


The Forth Road Bridge 
Consulting Engineers: Messrs. Mott, Hay & Anderson and 
Messrs. Freeman Fox & Partners. 
Contractors for the Superstructure: The A.C.D. Bridge Co. Ltd. 


The new Forth Road Bridge is being protected 
FF by the metal spraying process and 
)  Metallisation has designed the special 


METALLISATION LTO., PEAR TREE LANE, DUDLEY, WORCS. Telephone: 52523/4 
London: 171 Palace Chambers, Bridge Street, London S.W.1. Telephone: Whitehal/ 2868 

Scotland: Meta/lisation (Scotiand) Ltd., Ballochmill Road, Rutherglen. Telephone: Rutherglen 1956 
N.E—. Coast: Portrack Grange Road, Stockton-on-Tees. Telephone: 64585 


equipment for this major project. 








M-wW.16! 
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ASK BERK 


for the finest Anti-corrosion Service 


@ Metal and plastic spraying equipment of @ Technical service backed by a fully equipped 
outstanding design. laboratory. 


e Hard facing and powder welding equipment. ® Jobbing works and on site organisation. 


e Grit-blasting — Zinc, Aluminium, Berkalloy 
@ Complete shot-blast and metal spraying Spraying—Nylon & Polythene coatings—Epoxy, 
plants supplied. Vinyl and other protective paint treatments. 


F. W. BERK & CO. LTD (oatine pivision) 


BRENT CRESCENT, NORTH CIRCULAR ROAD, LONDON, N.W.10 
Works at LONDON AND MANCHESTER 














ROkOM Mem Welding for I.C.I. 


Here are three examples of Welded Steelwork by BOOTH for 
various divisions of Imperial Chemical Industries Ltd. Each 
reflects confidence in the Welding ability of BOOTH. 

Greatly enlarged and improved Welding facilities are 
available for Tanks, Pressure Vessels, Structural Steelwork 
and work to customers special requirements. 











Right: Mild Steel Pressure Vessel for I.C.I. 
Centre: One section of a range of 18 Stainless Steel Bunkers for I.C.1. 
Length 40’ 0”. Weight 15 tons. 

Left: Two of 8 Stainless Steel silos for I.C.I. Diameter 38’ 4” x 7’ 0°. 
Weight, each 3% tons. 


It’s a good job 
it’s by 

JOHN BOOTH & SONS (BOLTON) LTD 

HULTON STEELWORKS, BOLTON. TEL. BOLTON 61191 


London Office: 26 Victoria St., Westminster, S.W.1 
Telephone: Abbey 7162 
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Complete in a fitted case, finest 
welding, cutting and gouging 
equipment — made to the well-known 
Milne high standards. Convenient 


for carrying, safe when not in use. 





REMEMBER MILNE FOR 


Welding, Cutting and Brazing 
Blowpipes 
Cutting and Profiling 


Machines 

Regulators 

Gas Economisers 
Valves and Pipelines 
Electric Arc Equipment 


Resistance Welding Plant and Equipment 
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C.S.MILNE & Co.Ltd 


HARLEY WORKS, OCTAVIUS STREET, DEPTFORD, LONDON, S.E.8 
Telephone : TiDeway 3852 (4 lines) 


Also at 172/174 West Regent Street, Glasgow, C.2 


TIB.126 
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Me? 
ve been 
using 


WR, electrodes 


for 50 years— 
you can’t 
beat ‘em ! 





FOR ECONOMICAL HIGH SPEED WELDING OF NORMAL STEELS 
THE NEW W.R. FERROD No. 2. 

Ferrod No. 2 is a rutile base electrode incorporating a relatively 

high proportion of iron powder in the coating. The electrode is 


heavily coated, has a very fast deposition rate and carries a 
higher current than similar size electrodes of standard type. 


* Deposit approx. 140% over core weight. 
* Normally self detaching slag. 
Yield Point Max. Stress | Elongation on | Reduction of Charpy * Very neat weld appearance. 
Tons per sq. in.| Tons persq.in.| 3-54 dia % area % ‘Vee’ notch * Smooth running. 
* Excellent mechanical properties. 
* Low spatter loss. 
* Finish - mitre with slight concavity in stand- 


Mechanical Properties (Typical For All Weld Deposits) 








28 33 32 60 63 























For use in the flat and horizontal-vertical positions only. 







ing fillet. 
* Very easy striking. 


)ELECTRODES 


WELDING RODS LIMITED 


BRIGHTSIDE HOUSE - MEADOWHALL ROAD - SHEFFIELD 9 - Tel. 42494 
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AEIDIGNITRONS —— _ 





































AEI ELECTRONICS DATA SHEET 
Subject IGNITRONS — RATINGS 


Welder types 

















. Maximum average* 

Types we ae anode oument a 
(Amps.) 

BK 22 450 15 - 
BK 24 1200 140 — 
BK 24A 1200 140 Integral 
BK 24B 1200 140 Clamp on 
BK 34 2400 355 — 
BK 34A 2400 355 Integral 
BK 34B 2400 355 Clamp on 
BK 42 600 56 _- 
BK 42A 600 56 Integral 
BK 42B 600 56 Clamp on 
BK 66 300 22-4 — 

















* Ratings are for welder control service, with two valves in inverse 
parallel at any voltage from 250-600v. r.m.s. 


Associated Electrical Industries 


manufacture the widest range of 
ignitrons in the United Kingdom — 


Rectifier types 





: im Vv 
Maximum peak voltage Maximum average current 











er . Type thes at peak voltage 
moreover all AEI ignitrons are inter- (Kilo volts) ry gag 8 
changeable with the corresponding on 40 “ = 
American types. Whatever the job, BK 46 2-1 150 
from the AEI lists you can select the BK 56 ¢ 20:1 150 





right valve. 


Write for Leaflet 5851-8 


t Tentative ratings. 












ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 


LINCOLN, ENGLAND 
ELECTRONIC APPARATUS DIVISION 





A.5447 
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PLATE EDGE PREPARATION 
WITH THE HUGH SMITH ‘TRU-EDGE’ PLANER 


Half the cost of gas cutting 
Greater speed, greater accuracy 
and better quality of finished edge 





The beam type 
clamping machine 


There is nothing to compare with an accurately 
machined edge for first class welding work. The Hugh 
Smith combined shearing and planing machine provides an 
accuracy of 0-01 in. in 40 ft. and in practice this provides 
the finest plate edge preparation for automatic welding 
work. 

Although the capital cost of this machine is higher 
than gas cutting equipment, the overall cost of shearing 
and planing per foot of plate edge is only half that of gas 


cutting even including depreciation. 


PLANING PROFILES 


ae 5 ee > 


Any welding profile can be provided and in the case 








of J or double J profiles planing is the only practical 


method. 





USE OF THE ROTARY SHEARING HEAD 
for shearing at 40 times the speed 
of gas cutting 


HYDRAULICALLY-LOA OCD 
ROTARY SHEAR WHEEL 
MOUNTED ON SADOLE 


Any length of machine can be 
/ fitted with a rotary shearing head 
which shears plates up to ? in. 
thick the full length of the 
machine. Shearing is 
carried out at 60 ft. per 
minute and up to 1} in. 
wide can be sheared off 
the plate edge. For plates 
up to about { in. thick 
no further preparation is 
required, but on plates up to § in. 
the top edge can be bevelled by 
planing without moving the plate 
on the table. 






MAX. WIDTH OF STRIP 
Se’ pate... 1'2" 


¥2" puaTe ..... 242" SHEAR BLADES 


FIXED TO BED 


The ‘Tru-edge’ 
Planer with 
Jack Clamping 





The Hugh Smith ‘Tru-edge’ Planer is made in four 
standard sizes for plates 25, 30, 35 and 40 ft. long and 


up to 2 in. thick for planing and 3 in. thick for shearing. 


HUGH SMITH (GLASGOW) LTD hamittonnie roan, ciascow, N.2. 
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NON-DESTRUCTIVE 


TESTING 








ULTRASONOSCOPE CO. (London) LTD. 


One of the pioneer teams offer the complete Ultrasonic 
testing service: 

% Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

% Ultrasonic Inspection Service 

% Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 4041 








Laboratory and Site 
NON-DESTRUCTIVE TESTING SERVICE 


X-RAY . GAMMA RAY . ULTRASONIC 


Magnetic and Fluorescent Crack Detection 
ANYWHERE ANYTIME 


GAMMA-RAYS LTD 


FOUNDRY LANE, SMETHWICK, 40 STAFFS. 
Telephone: SMEthwick 0846 

















@almer 


NON-DESTRUCTIVE TEST SERVICE 





X-Ray and Gamma-Ray service (Test House 
and Mobile) * Magnetic crack testing 
Fluorescent crack testing ¥% Ultra-sonic 
testing * Pressure testing—air and hyd- 
raulic % Low temperature testing * Film 
processing and radiological reports 


Palmer Aero Products Ltd 
AERO PRODUCTS DIVISION BTR INDUSTRIES LIMITED 
PENFOLD STREET - LONDON N.W.8 TEL: PADDINGTON 8822 6/3121A 











INSPECTION SERVICES LTD 


Oldfields Trading Estate 
Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA RAY, 
ULTRASONIC AND CRACK DETECTION 
A.D. APPROVED TEST HOUSE A.R.B. APPROVED 
BACKED BY 28 YEARS’ PRACTICAL AND 
TECHNICAL EXPERIENCE OF WELDING 


Telephone: Fairlands 4546. 

















PORTABLE 
INSPECTION GEAR 
Lightweight Industrial X-ray Sets 

Isotope Sets for Pipe Welds 
Magnetic Flaw Detectors (850-2000 Amps) 
All Radiographic Accessories 
All X-ray Darkroom Equipment 


INSPECTION EQUIPMENT LTD 


19 BROAD COURT, DRURY LANE 
LONDON WC2 Tel. GLA.1402 & CUN.1795 

















THE ARDROX No. 996 


FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.I.D. approved process for all crack 
detection on welds, bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


COMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 











HANDBOOK ON RADIOGRAPHIC 
APPARATUS AND TECHNIQUES 


The Institute of Welding announces the publication in 
January 1961 of the only edition in English of this work 
which has been compiled by Commission V of the Inter- 
national Institute of Welding. The book thus represents the 
views of leading experts throughout the world on this subject, 
it deals concisely and simply with apparatus and techniques 
for the radiographic inspection of welds and describes the 
precautions necessary to ensure the safety of operators. 
This book will be a full bound publication in blue, size 84” x 
54° and will consist of 88 pages of text supported by illustra- 
tions. Obtainable from the Institute of Welding price 16/-, 
including postage. 

















MANCHESTER OIL REFINERY 
(SALES) LTD 


76 Jermyn Street, London, S.W.| 
Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 

Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 
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MICROTEX 


New Industrial X-Ray film gives the very highest 
quality radiographs and detects the finest flaws 
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Any Flaw 


‘Microtex’ is the film to detect any fault from fine porosity in 
castings and welds to cracks in thin aircraft skin or microshrinkage. 


Shorter Exposures 


‘Microtex’ responds well to increased development. Increase the 
processing time for ‘Microtex’ to ten minutes and you will double the 
emulsion speed. That means exposure times can be halved. 


Multiple Film Technique 


‘Microtex’ combines excellently with ‘Crystallex’ for exposures using 
multiple film technique to provide top-quality radiographs of multi- 
section castings in one exposure. 


‘Microtex’ is destined to be the most outstanding of all Industrial 
X-Ray films for the next few years. Send for further details and ask 
for a demonstration on your premises. 


MIGROTEX X-RAY FILM 


Industrial Sales Division 
Kodak House, Kingsway, London, WC2 


‘Microtex’ is a trade-mark 








WELD DRESSING- 





TRY CARBORUNDUMs DEPRESSED CENTRE WHEELS 


i The latest CARBOFLEX * depressed centre 
wheel developed by CARBORUNDUM has 


\ a iia 3 improved qualities, designed to produce 
; ot a more work, faster - and with increased 
\ 2 ZA» efficiency. 

WH ya a These wheels have been provided with 
\ ! “4 = . a higher safety factor, to ensure 




















operator confidence, and at the same 
time are extremely free-cutting. 

This means faster stock removal and 
more work per wheel. 

And that’s not all. An increase in wheel 
life of up to 25% can be expected; 
less time is wasted on wheel changes. 


%e =REGD. TRADE MARK 


Other operations on which CARBO- 
FLEX wheels can be used with equal 
success are: Grooving seams prior 
fo welding, cutting-off risers on 
ferrous and non-ferrous castings, 
smoothing jagged edges on flame 
cut plates, bevelling sheet metal ete. 





poner THE CARBORUNDUM COMPANY LTD 
pevsccn TRAFFORD PARK, MANCHESTER 17 


Telephone: TRAfford Park 2381 Telegrams’ CARBORUND. TELEX. MANCHESTER 





16 BRITISH WELDING JOURNAL 























f ANOTHER NEW FLASH WELDER / 


THIS TIME 
FOR RAILWAY ROLLING STOCK 


— ASSEMBLY COSTS REDUCED by 
FLASH BUTT WELDING 


A.l. TYPE APHF/24 GENERAL PURPOSE 
AUTOMATIC FLASH BUTT WELDING 








ONE OF FOUR APHF/24 MACHINES 
SENT TO SOUTH AFRICAN RAILWAYS DURING 1960 


EXPENSIVE FORGINGS ELIMINATED 
SUB-ASSEMBLIES COMPLETED IN SECONDS 
RESULTS—OVERALL ECONOMIES 


SPECIAL AND GENERAL PURPOSE MACHINES SUPPLIED FOR MANY APPLICATIONS 


A.I. ELECTRIC WELDING MACHINES LTD. 


GROVE HOUSE, SUTTON NEW ROAD, BIRMINGHAM, 23. Telephone: Erdington 1176. Telegrams: AIWELDS, B’ham 
Works: INVERNESS, SCOTLAND 
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Obviously the welder himself. But he must have 
electrodes worthy of his skill. AEI meets this need for 
speed more certainly than ever before with its new 
GAZELLE Electrode. These mild-steel electrodes are 

expressly made with the welder in mind. Their ease and 
WEI speed of use and good de-slagging properties should 


revolutionize mild steel fabrication and welding work. 





Please send me further details of AEl GAZELLE 
ELECTRODES, including addresses of AEI District 
Offices from which sample packs are now available: 


Note these Gazelle Advantages 


Non iron-powder contact type electrode giving 
maximum ease of use at lower cost - Unequalled 
de-slagging properties - Excellent weld appearance 
Minimum cleaning costs - Easy arc striking charact- 
eristics - Wide current range for each size of elect- 
rode - High travel speeds - Longer run lengths per 


electrode than with any other Class 2 electrode 


Associated Electrical Industries Ltd 


HEATING AND WELDING DEPARTMENT TRANSFORMER DIVISION 


NAME 





POSITION 





COMPANY 





ADDRESS. 











, TRAFFORD PARK, MANCHESTER, 17 


L/P 006 
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NEW > DIAMETER 
MALLORY 
ELECTRODES 


These new 3 inch diameter spot-welding elec- 
trodes are in Mallory 3, an alloy having a 
higher resistance to wear and to softening 
than any other electrode material of equivalent 
conductivity. 

















Following B.S.807, the electrodes have a 3/16” 
diameter tip and a 30° rake angle. To provide 
an extra large water cooling hole the spanner 
flats are omitted. 








With the comprehensive range of Mallory 
electrodes, better welds can be made faster— 
and at lower cost. 





Further details available on request. 








PNET Cle icm inelaamcinetel 








Johnson <lfiy Matthey 





JOHNSON, MATTHEY & CO., LIMITED 
Controlling MALLORY METALLURGICAL PRODUCTS LTD 
73-83 Hatton Garden, London, E.C.! 

Telephone: Holborn 6989 

Vittoria Street, Birmingham, |. Telephone: Central 8004 
75-79 Eyre Street, Sheffield, |. Telephone: 29212 
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Consistent moisture content 


The new design of cylinder and the 
particular care taken during filling 
ensures a consistently low moisture 
content carbon dioxide. 


Special CO: cylinder 


To prevent the entry of any 
impurities, the syphon cylinders are 
supplied exclusively to arc welding 
customers, are clearly marked 

and specially handled. 


Nation-wide service 


Through strategically sited factories 
and depots, DCL provides a 

prompt COs service which includes 
cylinders, multi-cylinder racks, bulk 
storage tanks with COz deliveries 

by road tanker. 






Carbon Dioxide is essential for the Fusarc/CO2 process, 
patented and developed by The British Oxygen Company 
Limited. 






The process is pre-eminent in automatic welding, 
where fast production rates and high quality weld 
metal are required. 





behind the latest 
CO>2 arc welding 
techniques... 





THE DISTILLERS COMPANY LIMITED 


an 
= 
exclusive CHEMICAL DIVISION 
Carbon Dioxide Department, 


Devonshire House, Piccadilly, W.1. 
service iam 


AREA SALES OFFICES: 

Southern Area: Broadway House, The Broadway, Wimbledon, 
S.W.19. Telephone: LIBerty 4661 

Northern Area: Queens House, Queens Street, Manchester, 2, 


Telephone: Deansgate 8877 
TA 5556 
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THE 


INSTITUTE OF WELDING 
54 Princes Gate, London, S.W.7 


COUNCIL and OFFICERS 


PRESIDENT 


E. Fucus 


VICE-PRESIDENTS 


W. BARR, O.B.E. 


H. WEsT 


G. ROBERTS 


PAST-PRESIDENTS 


J. STRONG 


E. SEYMOUR-SEMPER 


HONORARY TREASURER 
W. E. HArRRISss 


Chairman of Executive Committee: Dr. N. Gross 


Representatives of Industrial Corporate Members 


E. F. BURFORD, M.B.E. 
C. HUMPHREY Davy 
N. L. G. LINGwoop 


D. J. W. BoaG 

G. M. BoypD, 0.B.E. 
V. W. CLACK 

F. CLARK, M.B.E. 
D. C. C. Dixon 

J. A. DoRRAT 


Representative of Companions 


J. HOOPER 


J. A. MCWILLIAM, T.D. 
E. S. WADDINGTON 
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Metallurgical Concomitants 


of Residual Stress 


It is suggested that since residual stresses are inseparable from metal- 
lurgical changes in the material, the behaviour of a welded component, 


By G. M. Boyd, 0.B.E., 
M.R.I.N.A., A.M.LSTRUCT.E. 


in regard to the transition temperature, should not be judged on the 
effects of the residual stresses alone. 
It is shown that strain-ageing, quench-ageing, and other similar 


metallurgical changes that a steel undergoes during welding can most 
often cause the embrittlement that is ascribed to stress conditions. 


Introduction 


research has been done, and an enormous 
literature has developed, on the effects of the 
residual stresses arising from welding on the behaviour 
of steel structures. This interest was stimulated mainly 
by the presumed association of residual stresses with 
brittle fracture, a subject which was brought into 
prominence by the outbreak of catastrophic brittle 
fractures in welded steel structures during and after 
World War II.!+?.3 
Although the subject of residual stress has been well 
studied and ventilated, comparatively little attention 
has been given to the metallurgical effects which are 
inseparable from residual stress, yet these effects can 
hardly be a less important factor in the behaviour of 
structures than the residual stresses themselves. It is 
the object of this paper to review the literature on these 
metallurgical effects, and to indicate the directions in 
which further study may be fruitful. 


O's: the past two decades a great deal of 


Definitions 


For the purpose of this paper, ‘residual stresses’ are 
defined as the stresses which remain within a steel 
structure when all external loads are removed. The 
paper is not concerned with residual stresses due to 
thermal gradients existing in the structure, which 


stresses would disappear at uniform temperature, nor 
with residual stresses due to the self-weight of the 
structure, the tightening of bolts or rivets, or peening, 
etc. It is mainly concerned with the residual stresses 
which arise directly from welding. Neither is it con- 
cerned with ‘micro-stresses’, i.e., the residual stresses 
which are balanced on a grain-size scale. These are 
present in all solid metals, whether welded or not. 
‘Metallurgical effects’ are defined as those changes 
which occur in the nature of a metal, and which affect 
its mechanical properties. Such effects include work 
hardening, strain-ageing, quench-ageing, grain growth 
and refinement, allotropic transformation and so on. 
Such changes need not necessarily imply any changes 
in microstructure detectable by the optical micro- 
scope. There is no primary concern with changes in 
chemical composition (although these are often 
associated with welding) nor with non-ferrous 
materials. The main interest is in ordinary mild steel. 


Nature and Origin of Residual Stress 


By definition, residual stresses must be self-balanced 
within the structure itself, since they exist in the 
absence of external loads or reactions. They are 
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consequently independent of these loads and reactions, 
except in so far as the application or removal of loads 
may in some circumstances modify the distribution of 
residual stresses. 

It is sometimes convenient to distinguish the 
ordinary residual stresses which are localised to the 
vicinity of welds from the ‘reaction stresses’ which 
arise on a larger scale due to the lengthening or con- 
traction of whole members of the structure. This 
distinction is purely a matter of convenience, and does 
not imply any essential difference in character. 

Weck,'»° in a masterly analysis of the nature and 
origin of residual stresses, demonstrated that they can 
only arise from permanent changes in the shape of the 
body. This universal principle can be illustrated by the 
case of a simple ‘anchor ring’. Consider a solid ring, 
which has been annealed so that it contains no 
residual stress. Imagine that a small section is cut 
away, leaving a gap. 

Let the gap now be closed by applied forces, and the 
joint welded up invisibly and without metallurgical 
change. If the closing forces are now removed, the 
ring will contain residual stresses. The same effect can 
be obtained by ‘upsetting’ the ring in such a way as to 
introduce permanent plastic deformation. In _ this 
example, the ring has been permanently changed by 
cutting away material, upsetting, or otherwise de- 
forming it. The principle established by Weck is that 
residual stresses cannot arise without such permanent 
changes. 

The effect of this well-established principle, in 
relation to weld structures, is that the ordinary 
residual stresses which occur in the vicinity of welds 
can be produced only by the plastic flow that inevitably 
results from the uneven heating inseparable from 
welding. It may therefore be concluded that, if residual 
stresses exist in a welded component, then plastic 
deformation must have occurred, and this must have 
been associated with a temperature cycle involving 
temperatures up to the melting point of the material. 
Moreover, since it is well established that plastic flow 
and heat cycles of this order, occurring separately or 
together, result in metallurgical changes affecting the 
mechanical properties of steel, it must be concluded 
that residual stresses are inseparable from changes in 
mechanical properties extending into regions beyond 
the ‘heat-affected zone’ as normally defined. It may be 
observed here that this does not always apply to 
reaction stresses, which can arise from elastic changes 
in the length of members. 

Some of the metallurgical effects likely to be associ- 
ated with plastic flow and heat cycles may now be 
considered, without for the moment presupposing 
that these effects actually occur in any given case. 
Well known effects such as thermal hardening and 
‘contamination’ (the dilution of weld metal by parent 
metal and vice versa) will not be considered. 


Metallurgical Effects 


Grain growth and refinement 

It is well known that steel, when subjected to high 
temperatures, suffers allotropic transformations and 
consequent changes in structure. These changes are 
usually manifested by changes in grain (crystal) size 
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and are associated with changes in physical properties. 
The changes in metallurgical structure occur mainly 
within the weld metal and heat-affected zone as 
normally defined, i.e., the zone in which the metal has 
been transformed. They therefore come within the 
domain of ‘weldability’ and do not require further 
detailed consideration here. It is necessary to remark, 
however, that allotropic transformations are associated 
with changes in volume, which in general result in 
residual stresses. These changes in volume may also 
induce plastic deformation outside the transformed 
zone, with consequent further residual stress and 
other effects to be discussed later. 


Strain ageing 

Strain-ageing is one of a group of phenomena 
associated with precipitation effects within the metal. 
The delineations between these phenomena are by no 
means precise, and considerable differences in 
nomenclature occur in the literature.* An excellent 
survey of the subject in relation to iron and steel was 
given in 1939 by Kenyon and Burns,’ and the litera- 
ture is now very extensive. A very clear exposition has 
also been given by Dickie.* A much over-simplified 
description of strain-ageing for the benefit of the lay- 
man is as follows: 

If a piece of annealed steel is strained beyond its 
elastic limit (say by 2% to 5%), and then it is allowed 
to rest, or ‘age’, it will be found that its properties 
have changed profoundly. The changes affect the 
magnetic, electrical, chemical (response to etching and 
corrosion), physical (density and crystallography), and 
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mechanical properties.? Among the latter, which are 
of main concern here, may be mentioned the hardness, 
yield phenomena, and impact properties. The hard- 
ness increases as indicated in Fig. 1. The yield point, 
which is abrupt in most annealed or normalised mild 
steels, almost disappears when the material is first 
strained, but returns and is increased after ageing. The 
effects on the impact properties are profound, as 
indicated in Figs. 4-6. The curve of energy absorbed 
versus temperature of testing is shifted bodily towards 
higher temperatures, resulting in much lower energies 
at a given temperature after straining and ageing. The 
shape of the curve is also modified, but generally not 
to a great extent. -The main change is the shift just 
mentioned. The amount of the shift varies somewhat, 
but not greatly, between different steels, and may be 
anything from about 20° to about 40°C. Even steels 
which have been described as ‘non-ageing’ show 
similar shifts, but since in such steels the transition 
zone of the energy/temperature curve is initially well 
below room temperature, the effect on the impact 
energy at room temperature is small (see Fig. 2). This 
phenomenon has given rise to the term ‘strain-age 
embrittlement’, and is of first-rate importance in 
relation to the present context. 

The length of the ageing process, i.e., the period of 
rest following straining beyond the elastic limit, 
required to develop the full effect, is a function of 
temperature. At room temperature the period may be 
of the order of 10-14 days,* but at 250°C. the full 
effect is produced in about | hr. At higher tempera- 
tures the effect is not greatly accelerated, and at 
temperatures over about 600°C. the effect is very 
much reduced (see Fig. 3). Indeed, heating to about 
650°C. and cooling slowly removes most of the effects 
of prior strain-ageing. This phenomenon is known as 
‘over-ageing’. It is specially noteworthy that the heat 
treatment (re-heating to 650°C. followed by slow 
cooling) known as ‘stress relieving’ is just that which is 
required to produce this over-ageing effect. This point 
will be referred to later. 

The behaviour of five types of mild steel on strain- 
ageing and subsequent over-ageing has been examined 
by Tipper. Samples of each steel were strained 
4-5% in tension, and the Charpy V-notch specimens 
machined from the samples were heated for 1 hr at 
200°C. It was found that this treatment produced no 
change in microstructure detectable by the optical 
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microscope, but in all five steels the energy and 
crystallinity curves were shifted to the right, ie., 
towards higher temperatures. Other specimens, treated 
in the same way, were heat treated at 650°C. for 1 hr, 
and it was found that this treatment shifted the curves 
back to the left, but the recovery was not complete. 
The Charpy curves for three of the steels are shown in 
Figs. 4-6, and the results are summarised below: 


Shift to Right Recovery on Permanent 
due to Strain- Over-ageing at Shift 
Ageing 650°C. - 


oO /@ 
Energy Cryst. Energy Cr ryst. Energy Cryst. 


Steel P 25°C. 25°C 20°C. 10°C. ot ae. 
» @ ae ore wt. 15°C. x we. 
» R 45°C. 18°C. 7c. SC. 30°C. 10°C. 
eo tan. ac 18°C. 14°C. TC. OC. 


o t we We iI37%c. TC. ae. 33°C. 


It will be noted that, as compared with the energy, 
the crystallinity is generally affected rather more by 
strain-ageing, and its recovery is less on over-ageing. 

Brief particulars of the five steels are as follows: 


Steel P: Ordinary mild steel, semi-killed, as rolled 
» O:015% C1% Mn steel, semi-killed, as rolled 
: :0-:12% C 1-4%Mn steel, killed, grain controlled, 


x 


normalised 

S: 0-15% C 1% Mn steel, killed, grain controlled, 
normalised 

T: 015% C 1-4% Mn steel, killed, grain controlled, 
normalised 


All the steels were made by the open-hearth process, 
in the 26 to 32 tons/sq.in. tensile range. 


Quench ageing 

This is a similar effect to the strain- -ageing just 
described, but it develops with time after quenching, 
without the necessity of prior straining. The maximum 
effect is produced when the steel is cooled from a high 
temperature, such as a welding or forging temperature, 
and is quenched out at about 600°C.* The effects are 
lessened as the temperature of quenching is lowered. 
The hardness develops over a longer period, of the 
order of 10 days. Quench-age embrittlement can be 
removed by re-heating to about 300°C. 

It is important to note that both strain-age embrittle- 
ment and quench-age embrittlement are not accom- 
panied by visible changes in metallurgical structure. 

It is clear from the foregoing that in the vicinity of 
arc welds the conditions for both strain-age embrittle- 
ment and quench-age embrittlement are operative, 
though the two forms may occur in different zones, 
depending upon the extent of plastic straining and the 
temperature’cycles experienced. 

There is experimental evidence that embrittlement 
of the parent metal does in fact occur. This was 
shown clearly by Shepler'® in 1946 by notched bend 
tests at varying distances from the weld centre. Fig. 7, 
reproduced from this paper, shows a peak of brittle- 
ness (high transition temperature) at about | in. from 
the weld centre, i.e., well beyond the heat-affected 
zone as usually defined. The transition temperature at 
this peak was about 40°F. (22°C.) above that of the 
parent plate. The transition temperatures were 
determined by inspection of autographic load/deflec- 
tion diagrams. The investigation was continued to 
determine the effects of varying welding procedures." 


The thickness of the plates referred to in Fig. 7 is 
not given in the original paper but the test specimens 
were | in. x 1 in. in cross section, suggesting that the 
original plate thickness was also | in. 

The following passage, quoted from the paper!® 
indicates the state of knowledge at the time (1946): 

“The importance of the results as indicated by 
Fig. 7 cannot be overemphasised. Here is clearly 
shown that there is a very large difference between 
the transition temperatures of the material at 
various parts of the welded plate, the deposited 
metal at the centre being of excellent ductility while 
the base plate | in. away for this non-killed ship plate 
is very brittle. A glance at specimens Type /, and 
X,, of Fig. 7 shows the bad point to be out of the 
zone of weld deposit material; clearly this 1 in. 
point can no longer be considered out of the heat- 
affected zone. Explanations by mechanical engin- 
eers and metallurgists will have to be advanced, 
methods to improve this condition will have to be 
found. Quite probably both theorising and experi- 
menting will help the solution. Microscopic study 
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ought to be of immense aid. During the coming year 

it will be the full-time job of this laboratory with the 

present method to survey point-by-point welds made 
under various welding techniques and made on 
various baseplates in the attempt to find a weld with 

a curve lower down than those of Fig. 7. 

“To date one possible explanation for the bad 
material at the | in. point has been advanced by Dr. 
A. B. Kinzel, namely, that it is the point of critical 
strain ageing. Other explanations on this point 
will be very interesting to consider.” 

Baldwin and Evans” and also Klinger and Ebert!* 
made a special study of the brittle zone found in the 
sub-critically heated regions in the vicinity of welds in 
mild steel with the express object of obtaining an 
insight into the mechanisms responsible for this 
embrittlement. They concluded that quench-ageing 
was mainly responsible. The study was made with the 
aid of eccentrically loaded cylindrical notched tensile 
specimens 0-212 in. (5-4 mm) dia. under the notch, 
which was of the 60° V type with a depth of 0-044 in. 
(1-12 mm) and a root radius of 0-001 in. (0-025 mm). 
The eccentricity was } in. (6-36 mm). The tests were 
carried out at various controlled temperatures, and the 
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transition temperatures were determined by plotting 
the load at fracture against temperature and taking 
the vertical mid-point between the high (ductile) and 
low (brittle) limbs of the curve. The type of result 
obtained is shown in Fig. 8, indicating a peak of 
brittleness just beyond the heat-affected zone, as 
found by Shepler.?®: "4 This discovery of an embrittled 
zone in a region which could not have been heated 
above the lower critical temperature led the investi- 
gators to examine whether this could be reproduced by 
sub-critical heat treatment in the absence of welding. 
They succeeded in doing this by a quench-ageing 
treatment and concluded that this mechanism was 
mainly responsible. They then pointed out that ‘over- 
ageing’ by post-heating at about 650°F. (350°C.) 
would minimise the embrittlement. 

It is interesting to note that Baldwin and Evans did 
not apparently include straining and ageing in their 
efforts to reproduce the effect. Presumably, if they 
had done so and found strain-ageing to be a factor, 
they would have recommended post-heating at 
1200°F. (650°C.) as a remedy. 
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There is also evidence that plastic flow, even in the 
absence of ageing, can have a serious embrittling 
effect. This has been pointed out by Mylonas et al'4-16 
who made notched tensile tests on material which had 
been previously prestrained in compression; they 
found a marked reduction in stress to rupture.!* They 
also made plain tensile tests on prestrained material, 
and found marked reductions in strength and ductility. 
One such plain tensile specimen (0-505 in. dia., 2 in. 
gauge length), fractured at 80°F. (27°C.) gave a 
brittle fracture with only 1-7% elongation. The 
important feature of these plain tensile tests is not only 
the small strain and brittle character of the fractures, 
but also that the effects were found in the absence of 
any notch or residual stress, and at the top end of the 
transition temperature range of the virgin material. 

Vinckier'® produced ‘spontaneous’ fractures in 
discs of steel containing central square holes welded 
into heavy annular restraining frames. Owing to the 
heavy restraint, the inner disc underwent severe 
plastic deformation during welding, and high residual 
stresses were thereby induced. One specimen was stress 
relieved at 620°C. after welding, and this specimen did 
not fracture. The same specimen was then heated 
locally to 600°C. producing new plastic flow and 
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residual stresses. A fracture was then produced on 
local cooling in liquid nitrogen. It was argued that the 
beneficial result of stress-relief heat treatment in this 
case was due to the relief of stress and not to metal- 
lurgical effects. This argument is, however, open to 
question, since the method used to introduce residual 
stress cannot have failed to produce metallurgical 
changes of the kind discussed here. Similarly, the heat 
treatment applied would not only reduce the stresses 
but improve the metallurgical condition, owing to the 
‘over-ageing’ effect mentioned. 


Directionality 

There are indications, though these are not very 
definite, that the effects of strain-ageing, and also the 
‘exhaustion of ductility’ due to plastic deformation’*** 
are directional, i.e., their effects are greatest in the 
direction in which the strain is applied, so that the 
effect would act in the same sense as the co-existing 
residual stresses. This directional effect could, of 
course, influence the direction of fractures, and may 
account for the observed tendency for fractures to be 
deviated from their normal directions when they occur 
in the vicinity of weids. The matter, however, requires 
further investigation. 


Service Experience 


Many of the studies which have been made on 
service failures in welded structures”: *°.*1 have drawn 
attention to the fact that the majority of the fractures 
have originated at welds, and mostly at welds lying 
in a direction parallel to that of the principal applied 
stresses. The fractures, however, seldom follow the 
welds, but tend to run off into the parent plate. 

While many of these fractures may have originated 
from defects or cracks—particularly transverse cracks 
—in the weld metal, it is also known that many have 
originated from apparently sound welds. This latter 
tendency has in the past been attributed to the high 
tensile residual stress parallel to the length of the 
weld, and this possibility has been specifically exam- 
ined by Wells.22 Whilst the residual stresses un- 
doubtedly contribute to the initiation of fractures 
running transversely from welds laid parallel to the 
main stresses, the explanation becomes more con- 
vincing if the existence of a metallurgically embrittled 
zone is accepted. There is, however, no satisfactory 
means at present available for separating the mechan- 
ical effects of residual stress from the co-existing 
metallurgical embrittlement, particularly in relation to 
service fractures. 

Soete** has shown conclusively, by an extensive 
series of experiments, that residual stresses alone are 
incapable of accounting for the low-stress brittle 
fractures which have been observed in the laboratory 
and in service. To explain these it is also necessary to 
postulate local metallurgical embrittlement of the 
material. He found that the capacity of the material 
to deform was more important than the residual 
stress, which plays only a secondary role. 


Summary and Discussion 


It has been shown that the residual stresses due to 
welding cannot arise without plastic flow. Also, 
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plastic flow, in association with the temperature cycles 
of welding, and the elapse of time, produce both 
quench-ageing and strain-ageing in mild steel. It has 
also been shown that these ageing effects have a 
marked embrittling effect in that they considerably 
raise the transition temperature of the steel. It follows 
therefore that residual stresses cannot exist without 
embrittlement in a region which extends considerably 
beyond the heat-affected zone as normally defined. 

It has also been shown that embrittlement does in 
fact occur, and that it can be greatly ameliorated by 
heat treatment, and particularly by the heat treatment 
known as ‘stress relieving’, i.e., heating to about 
650°C. and cooling slowly. 

This finding has several important consequences, 
among which the following may be mentioned: 

(1) Anew-definition of ‘heat-affected zone’ is required. 
It is suggested that the term should be applied to 
the region in which any changes in mechanical 
properties have occurred as a result of the opera- 
tion of welding. Such a zone would be considerably 
wider than the ‘transformed zone’, i.e., the zone in 
which the metal has undergone allotropic trans- 
formation as a result of the heat of welding. 

(2) Many of the effects observed experimentally and in 
service, which in the past have been attributed 
simply to residual stress, should be more properly 
attributed to a combination of residual stress and 
metallurgical changes (quench-ageing, strain-age- 
ing, and exhaustion of ductility due to plastic 
flow).!” 

(3) In particular, the initiation of brittle fractures at 
low stress from welds, in the absence of a defect, 
can be more satisfactorily explained as due to a 
combination of residual stress ‘and the local em- 
brittlement due to the afore-mentioned metal- 
lurgical changes.*®: 4 

Indeed, it is probable that some of the low-stress 
fractures which have been observed in experi- 
ments and in service might not have occurred under 
the influence of residual stress alone, if the metal- 
lurgical embrittlement had not been present.** 

(4) Remedial measures should be considered not only 
on the basis of residual stress, which could be 
relieved by essentially mechanical methods, but 
also on the basis of metallurgical embrittlement, 
which can be ameliorated only by suitably chosen 
heat treatment. 

It is important to remember that the heat treat- 
ment which is most suitable for the removal of 
stresses may not be the most suitable from the 
metallurgical viewpoint. There is some evidence 
that prolonged soaking at 650°C., which seems 
desirable from the standpoint of stress relief, may 
nullify the over-ageing, and would result in failure 
to remove the embrittlement due to strain-ageing 
and quench-ageing. This point requires further 
study, to determine the optimum temperatures and 
times that would ensure the best results. 

(5) Although quantitative assessment is difficult or 
impossible, it is evident that the metallurgical 
effects are at least equal in importance to the 
residual stresses, and therefore merit at least 
equal attention. 


It is relevant to quote the following conclusion of 


the U.S. Weld Stress Committee, embodied in their 
final report.** 


“Stress relieving treatments, particularly thermal, 
have been proved to be beneficial in so far as the 
quality of a welded joint is concerned, and are still 
considered a necessity in many structures, as, for 
example, pressure vessels, machinery parts and the 
like. The beneficial effects are not primarily due to 
reduction of residual stresses, but rather to improve- 
ment of metallurgical structure, dimensional stab- 
ility in machining operations and reduction in stress 
corrosion potentialities.” 
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B.W.R.A. REPORT 





Argon-—Nitrogen Mixtures for the 
Self-Adjusting Arc Welding of Copper 





The influence of gas composition on metal transfer and penetration in the copper 
self-adjusting arc has been examined for argon, nitrogen, and mixtures of the 


two gases. 


By J. G. Young, B.SC. 


It is shown that for currents below the threshold value in argon (310 amp), the 
metal transfer rate in mixtures containing from 5% to 33% nitrogen is higher 


than the transfer rate in argon. It is concluded that argon-rich mixtures give 
greater penetration and higher metal transfer rates than pure argon. 


istics in the aluminium self-adjusting arc is now 
well known;! the existence of a ‘threshold 
current’ has been demonstrated, below which metal 
transfers in the form of large globules and above which 
‘spray’ type transfer occurs. It is reasonable to suppose 
that a similar effect occurs in the copper arc, and the 
work of Moore and Taylor? suggested that the 
threshold exists at about 310 amp for + in. dia. 
copper wire in argon. In nitrogen, spray transfer was 
not obtained, and although sound welds in the down- 
hand position were possible, the appearance of such 
welds was not altogether satisfactory owing to the low 
rate of metal transfer. Nitrogen does, however, offer 
considerable benefits in cheapness and in greatly 
improved penetration owing to the heat developed by 
the dissociation-recombination reaction N,=2N. 
The work described was designed to provide 
quantitative information on metal transfer and pene- 
tration in argon and nitrogen and in various mixtures 
of the two, to see whether it was possible to combine 
the greater penetration of the arc in nitrogen with the 
superior transfer characteristics of the arc in argon. 


Ts effect of current on metal transfer character- 


Experimental Work 


All the experimental work was carried out on a 
mechanised self-adjusting arc welding head with a 
constant-potential power source using d.c., electrode 


positive. The argon and nitrogen supply was regulated 
at the cylinders and, where necessary, combined in a 
mixing chamber before being supplied to the welding 
head. The } in. dia. nozzle was held at a forehand 
angle of 80° and positioned with its trailing edge } in. 
above the plate surface. All deposits were made on 
fs in. thick deoxidised copper plate, and the traverse 
speed was maintained at a constant value which, in the 
case of the penetration measurements, was 22:5 in./ 
min, the plate size being 6 in. x 3 in. with the bead in 
the centre. 

Current and voltage readings were made on record- 
ing instruments and, to determine the rate of metal 
transfer, oscilloscope records of voltage were obtained 
using a high-speed camera. Wire feed rates for burn- 
off-rate curves were determined from measurements of 
drive roll revolutions and weld times. 

The arc voltage was maintained at a constant value 
of 30 V, except for a series of tests in argon at 25 V 
to determine the effect on transfer rate of changes in 
arc voltage. Variations in current were made by 
alterations to the wire feed speed, only minor adjust- 
ments to the open circuit voltage of the generator 
being necessary to give a constant arc voltage. 
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The gases examined were as follows: 


1. Pure argon 

2. Pure nitrogen (oxygen free) 

3. 50% argon-50%% nitrogen by volume 
4. 67% argon-33% nitrogen ,,__,, 

5. 80°, argon-20% nitrogen ,, 

6. 95% argon-5 % nitrogen 
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Some additional experiments were made using 85% 
argon-15% nitrogen and 90% argon-10% nitrogen 
mixtures. The total gas flow in all cases was 50 cu.ft/hr 
The filler wire used in all experiments was + in. dia. 
Si-Mn deoxidised copper. 


Results 
Burn-off rate 


Burn-off-rate curves for + in. dia. wire are given in 
Fig. 1. The lower line represents the characteristic in 
argon and the upper line the characteristic in nitrogen. 
Values for the various mixtures fall in the shaded area 
between the lines. 


Metal transfer characteristics 


Results for pure argon at 25 V and 30 V are given in 
Fig. 2. It is possible to draw a common line through 
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ASAI AIA AAAI IANA points at both voltage levels, and it may be concluded, 
provided that short circuits do not occur, that arc 


(a) length has no significant effect on transfer rate. 
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Although the number of transfers occurring in the sub- 
threshold region is considerably greater than in the case 
of an aluminium arc, there is a distinct change in slope 
of the transfer characteristic at 310 amp, confirming 
the observations made by Moore and Taylor.” 

The transfer characteristics of the filler wire in 
nitrogen and in one of the gas mixtures (67% argon— 
33% nitrogen) are compared with the argon character- 
istic in Fig. 3. The sub-threshold nitrogen character- 
istic is also shown; there is no tendency for spray 
transfer to occur up to 410 amp. 

It is not convenient to plot the transfer character- 
istic for each gas mixture in this way, the preferred 
method being to plot transfer rate against gas com- 
position at selected current levels (Fig. 4). 

For currents below the threshold level in pure 
argon, i.e:, 310 amp, gas mixtures containing from 
5 to 33% nitrogen give higher rates of metal transfer 
than pure argon. In this region gas composition is not 
critical, the curves showing a flat-topped peak. The 
effect is demonstrated in Fig. 5, which reproduces 
oscilloscope records for a 230-240 amp arc in (a) 
argon (4) argon-5°%% nitrogen, and (c) nitrogen. Here 
the rate of transfer is evidenced by the number of 
upward ‘flicks’ or open circuits on the voltage trace. 
The sine curve on these oscillograms is a 50 c/sec 
time base. 


Penetration 


In Fig. 6 the relationship between penetration and 
gas composition at five current levels is shown for 
bead-on-plate tests. The increase of penetration with 
increasing nitrogen content is not linear, mixtures con- 
taining 33% nitrogen giving a disproportionately 
large increase in penetration. For example, for a 
current of 290 amp the penetration in argon+33% 
nitrogen is 4-5 times the penetration in pure argon, 
whilst in pure nitrogen penetration is 7-5 times that in 
argon. The effect of nitrogen additions is again 
illustrated in Fig. 7 which shows the appearance of 
weld beads made at similar current levels with various 
shielding gases. It is evident that under the particular 
test conditions employed (45 in./min travel speed) it 
was not possible to maintain a molten pool in argon at 
360 amp, although a bead of good appearance was 
made at 350 amp with the addition of only 5% 
nitrogen. 


Discussion 


The remarkable feature of the results is the dis- 
covery of the existence of a gas composition range 
giving higher metal transfer rates than pure argon in 
the sub-threshold current range. 

The threshold level in pure argon is confirmed at 
310 amp, currents of this value and below giving 70 
transfers or less per second and higher currents giving 
120 transfers or more per second. However the 
threshold is much less significant than in the case of 
aluminium, and use can be made of arcs giving only 
40 transfers per second; in argon this corresponds to a 
240 amp arc. In gas mixtures containing from 5% to 
approx. 30% nitrogen the corresponding current for 
40 transfers per second is only 200 amp. 
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Penetration is increased as nitrogen content in- 
creases, and small quantities of nitrogen give a dis- 
proportionately large increase in penetration, 33% 
nitrogen giving the optimum increase. 

The practical significance of these results is that 
mixtures of argon and nitrogen give much greater 
penetration than pure argon, without the disadvan- 
tages of the low rate of metal transfer obtained in pure 
nitrogen. The results indicate that the optimum 
composition is in the range 20-33% nitrogen. 
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APPENDIX 


Subsequent to the preparation of this report, some 
additional work has been carried out on the influence 
of filler wire composition and on power source 
characteristics. 
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Filler wire composition 
Three types of filler wire are available to the follow- 
ing British Standards: 


Type 1—BS.2901/C7 
Type 2—BS.2901/C21 
Type 3—BS.2901/C8 


They were studied in argon—nitrogen mixtures, and 
burn-off rates for + in. dia. wire in an 80-20 argon- 
rich mixture are given in Fig. 8. It will be noted that 
there is no significant difference between the be- 
haviour of the three wires in the range 210-350 amp. 
In so far as metallurgical quality is concerned, 
Type | wire gave porous welds, and with Type 3 oxide 
film entrapment was a problem. Type 2, on the other 
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hand, gave sound welds of good appearance and is 
preferred for gas mixtures. 


Power source characteristic 


The work covered in the main report was carried out 
using a constant-potential motor generator set of 
300 amp capacity. Some experiments have been made 
usinga400ampdroopingcharacteristic rectifier to verify 
whether the constant-potential power source is essential. 

Results given in Fig. 9 suggest that the constant- 
potential power source does give superior transfer 
characteristics (i.e., higher transfer frequency at a 
given current) to the drooping characteristic rectifier 
in an 80% argon—20% nitrogen shielding gas. The 
explanation of this phenomenon must await the results 
of more fundamental work on metal transfer. 
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Inert Gas Shielded Metal Arc Welding 
of Thick Copper without Preheat 


One of the major obstacles to the more widespread use of thick copper weldments 
in industry is the need for a high temperature preheat, owing to the high thermal 
conductivity of the metal. Preheating temperatures up to 800°C. may be nec- 
essary for I in. thick metal. 

Tests carried out on } in. thick phosphorus-deoxidised copper have shown 
that the use of argon-nitrogen mixtures in place of pure argon enables preheat 
temperatures to be reduced, or welding speed to be increased, whilst the appli- 
cation of the twin consumable electrode process to the downhand welding of 
3 in. thick non-preheated copper has been demonstrated. 


By K. J. Clews 





Introduction 


N consideration of the physical properties of 
()orre the need for preheat when welding is 


apparent, and it is instructive to assess the size 
of the problem. Twice as much heat is required to melt 
unit volumes of copper, and three times in the case 
of iron, as is required to melt unit volumes of alu- 
minium. On this consideration alone, since aluminium 
is readily weldable, it might be inferred that copper 
would be somewhat easier to weld than iron. However, 
when thermal conductivity is taken into account, it is 
demonstrable that it is as easy to form a weld pool of 
a given size in iron as in aluminium, and three times 
more difficult in copper. 

One of the means of increasing the heating efficiency 
of the arc lies in the use of a diatomic shielding gas, 
and for copper nitrogen is usually chosen. With 
nitrogen shielding and tungsten-arc welding, ; in. 
thick copper can be joined in one pass without pre- 


heat as compared with } in. thickness under argon 
shielding. The thickness of plate weldable by the 
shielded metal-arc process in one pass without preheat 
is about {5 in. in nitrogen, or about + in. in argon.?* 
Of the gas-shielded welding processes, therefore, only 
the shielded metal-arc process appears to be of 
practical value in welding thick copper. Nitrogen 
shielded metal-arc welds are marred by spatter as a 
result of the coarse droplet transfer characteristic of 
the process. On the other hand, spray transfer of 
metal is obtainable in argon, and spatter is absent or 
very slight. 

Young® has shown that it is possible to effect a 
compromise between heating efficiency of the arc and 
reduction in spatter by mixing argon and nitrogen, and 
the present report describes the results of practical 
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Table I 
Single electrode beads-on-plate in argon 
Wire 
Arc Feed Travel Average Dimensions of Bead, in. 
Weld Current, Voltage, Speed, Speed, At max. Height of 
No. amp V in./min in./min Penetration width reinforcement Remarks 
I 340 18 250 40 0-04 0-24 0-08 Intermittent bead 
2 ee 21 245 ee 0-32 ws 
3 360 20 275 “ 0-08 <i a 
4 = 30 245 na 0 0-20 0-12 
5 400 26 270 7 - 0-32 a 
6 oe 27 % » 0-06 0-20 0-14 
7 440 28 290 ie 0-12 0-32 ** 
x 450 23 a so 0-08 Re 0-16 Tunnelling 
r) 489 22 315 - 0-16 0-24 0-18 
10 om 24 ” ‘ 0-04 0-40 0-20 Gross porosity 
il 540 22 340 rm 0-16 0-32 0-18 Tunnelling 
12 pa ~ 395 a 0-24 0-20 0-24 a 
13 - 27 340 je 0-12 0-36 ee Gross porosity 
14 550 26 oe * 0-08 a 0-22 Tunnelling 
15 560 22 370 o 0-20 0-16 0-24 - 
16 570 23 - a 0-16 0-32 0-26 Gross porosity, Tunnelling 
17 580 23 395 a 0-08 0-20 0-24 - m 





trials on } in. plate with mixed gas shielding. A further 
aim of the work has been to determine whether pre- 
heat can be reduced or even dispensed with when 
welding } in. thick copper in argon. 


Single-Wire Inert-Gas Metal-Arc Welding 


Experimental 

To investigate the potentialities of the inert-gas 
metal-arc process in welding thick copper without 
preheat, bead-on-plate runs were made on } in. thick 
phosphorus-deoxidised copper plate measuring 12 in. x 
6 in. The filler wire was 4 in. dia. boron-deoxidised 
copper, which has been shown to be the only com- 
mercially available filler alloy fully effective in gas 
mixtures. Welding equipment was conventional and 
consisted of a 600 amp rectifier power source with a 
drooping characteristic used in conjunction with a 
stationary welding gun which was directed vertically 


downwards at the work piece mounted on a motor- 
driven carriage. 

Tests were carried out in argon, nitrogen, and 
mixtures of the two gases. Current, wire feed speed, 
and travel speed were varied, and the dependent arc 
voltage was measured. After welding, the plates were 
sectioned, polished, and etched, and the depth of 
penetration, amount of reinforcement, and weld width 
were measured. The nature and extent of porosity 
were also investigated, and these results together with 
welding conditions and weld measurements are 
recorded in Tables I-IV. which refer to welds in argon, 
argon-nitrogen, nitrogen—argon, and nitrogen shield- 
ing respectively. 


Results 

The tables show that, in general, penetration of the 
parent metal increased as current increased but that 
penetration amounted to no more than 0:25 in. with 


Table II 
Single electrode beads-on-plate in 80—20 argon-nitrogen mixture 





Wire 
Arc Feed Travel Average Dimensions of Bead, in. 

Weld Current, Voltage, Speed, Speed, At max. Height of 

No. amp V in./min in./min Penetration width reinforcement Remarks 
18 400 28 370 20 0-06 0-32 0-14 

19 480 30 ~ - 0-12 0-36 0-16 

20 500 29 395 0-24 0-20 0-18 

21 m 38 370 - 0-12 0-52 0-16 Tunnelling 

22 280 25 235 40 0-02 0-20 0-10 Porosity 

23 310 “ 245 - 0-08 0-34 0-08 

24 330 30 a * 0-04 0-32 0:04 

25 370 28 270 as 0-02 0:28 0-12 

26 380 22 sa ” 0-04 0-36 0-08 

27 a 35 ad a — 0-52 ve Intermittent bead, Porosity 
28 400 28 315 is 0-10 0-24 0-12 Tunnelling ‘ 
29 420 30 m - 0-16 0-32 0-18 = 

30 440 28 370 pi 0-20 “ 0-24 ~ 

31 480 31 ” * 0-18 0-28 0-22 in 

32 520 34 395 e 0-12 ‘a 0-18 

33 540 37 ‘ os ‘a 0-36 0-16 

34 550 32 450 a me 0-32 0-22 Tunnelling 

35 560 36 425 " 0-16 0-36 0-20 ' 

36 570 450 a 0-24 0-44 0-22 os 


” 
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Table II 
Single electrode beads-on-plate in 85-15 nitrogen—argon mixture 





Wire 
Arc Feed Travel Average Dimensions of Bead, in. 
Weld Current, Voltage, Speed, Speed, At max. Height of 
No. amp - in./min in./min Penetration width reinforcement Remarks 
37 460 22 340 40 0-20 0-28 0-20 
38 480 29 “ % 0-14 0-24 0-14 
39 500 28 370 a 0-12 0-28 0-16 Porosity 





Table IV 
Single electrode beads-on-plate in nitrogen 





Wire 
Arc Feed Travel Average Dimensions of Bead, in. 
Weld Current, Voltage, Speed, Speed, At max. Height of 
No. amp V in./min in./min Penetration width reinforcement Remarks 
40 470 24 340 40 0-14 0-28 0-16 Gross porosity 
41 480 29 in én 0-12 0-32 0-14 Porosity 
42 500 23 370 t 0-16 0-24 0-20 
43 510 28 v as 0-14 0-32 0-16 





currents as high as 550 amp. The defect known as 
tunnelling* was associated with the higher welding 
currents. In argon a somewhat higher welding 
current—about 450 amp—could be employed before 
the onset of tunnelling than in the gas mixtures or in 
nitrogen, with which the defect occurred at about 
350 amp. 

Values of wire feed speed from the tables are plotted 
against current in Fig.!. Although there is consider- 
able scatter in the observations, owing to uncontrol- 
lable changes in arc voltage, it is clear that the filler 
wire burn-off rate, as measured by wire feed speed, is 
greater in an 80-20 argon-nitrogen mixture at a given 
current than in pure argon. The burn-off rate in 
nitrogen appeared to be similar to that in 85-15 
nitrogen—argon and intermediate between that in 
argon and in 80-20 argon-nitrogen. 2—Bead-on-plate in argon 3—Bead-on-plate in nitrogen 
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Table V 
Two-wire beads-on-plate in argon 





Travel Separation at Plate 


Dimensions of Bead, in. 


Weld Refer to Speed, Surface of Electrode At max. 

No. Fig. 7 in./min Wires, in. (Fig. 6) Penetration width Reinforcement Remarks 

44 a 9 0 0-10 0-88 0-18 

45 b ‘a 0-125 0-16 0-84 0-26 Tunnelling 

46 c 12 0 0-21 0-82 0-82 

47 d " 0-25 0-16 0-88 0-17 Guns tilted 10° forehand 
48 e ™ ie 0-76 0-20 

49 f 0-75 0-28/0-14 1-15 0-22 W shaped bead 

50 g 1:0 0-24/0-12 0-50/0-43 0-24/0-18 Separate beads 





Welding conditions: Current 400 amp 
Arc voltage 25 V 


Both guns 


Wire feed speed 280 in./min (Rectifier) and 245 in./min (Generator) 
Argon flow 25 cu.ft/hr through each gun 


Clearly, from the results of the bead-on-plate trials, 
the conventional methods of welding thick copper are 
unlikely to be successful, even with argon-nitrogen 
mixtures, unless a high level of preheat is used. 

It was considered, from examination of polished 
and etched sections of beads-on-plate, examples of 
which are shown in Figs. 2, 3, and 4, that the shape of 
the weld pool could be expected to promote turbulence 
as compared with a weld pool in preheated plate 
(Fig. 5); it is further evident that control of the shape 
of the molten pool during welding is of importance in 
preventing tunnelling. One possible alternative to 


5—Bead-on-plate in argon. Preheated plate 


(a) (b) 


preheat for the control of the form of the molten pool 
is to use twin consumable electrodes, and work on this 
aspect is covered in the following section. 


Two-Wire Inert-Gas Metal-Arc Welding 


Some work® has been done in Russia on the semi- 
submerged-arc welding of thick aluminium plate with 
twin wire electrodes. Unpublished B.W.R.A. work has 
shown that the twin consumable electrode process can 
be applied successfully to the inert-gas shielded weld- 
ing of aluminium. It was evident from these investiga- 
tions that two consumable electrode arcs might have 
a beneficial effect on the shape of the molten pool when 
welding copper, and accordingly tests were carried out 
to investigate the applicability of the method. 


Experimental 

The equipment employed was as described in the 
earlier part of this report with the addition of a second 
welding gun having a transformer-rectifier with a flat 
characteristic as its power source, and with a constant- 
potential 750 amp motor generator substituted for the 
drooping characteristic generator, so as to enable both 
arcs to operate more nearly at the same conditions. 
The wire feed speed settings for the two guns when 
arcs were running at 400 amp and 25 V were 280 in./ 
min with the rectifier power source, and 245 in./min 
with the generator. In all the experiments described 


(a) See Figs. 7a, c and Welds 44 and 46 Table V 
(6) See Fig. 75 and Weld 45 Table V 
(d) See Fig. 7d and Weld 47 Table V 








Ti _ 


Lo i (e) See Fig. 7e and Weld 48 Table V 


(f) See Fig. 7f and Weld 49 Table V 


_—_—J 





(f) (9) 


(g) See Fig. 7g and Weld 50 Table V 


6—Arrangement of guns for iwo-wire bead-on-plate 


experiments 








= 


a 
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(a) See Fig. 6a and Weld 44 Table V 
(b) See Fig. 6b and Weld 45 Table V 
(c) See Fig. 6a and Weld 46 Table V 
(d) See Fig. 6d and Weld 47 Table V 
(e) See Fig. 6e and Weld 48 Table V 
(f) See Fig. 6f and Weld 49 Table V 
(g) See Fig. 6g and Weld 50 Table V 


7—Two-wire beads-on-plate: 
Rectifier at left; generator 
at right 





20°V 30°V 





Weld 56 Weld 57 
9—Two-wire U butt welds 


50°V 





70°V 
8—Two-wire V butt welds 








10—Single pass two-wire weld in unpreheated 4 in. thick copper 
plate 
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Table VI 
Two-wire welds on chamfered plates in argon 





Details of Weld 








Preparation Dimensions of Bead, in. 
Weld Root Included At max 
No. Face Angle Penetration width Reinforcement Remarks 
51 0-25 20° 0-22 1-38 0-16 Good washing in at sides, no root fusion 
52 a 30 0-28 0-80 0-12 Good washing in at sides, better penetration 
53 = 50° 0-24 0-88 0-16 Excellent washing in at sides 
54 - 70 0-36 pa 0-14 = - . - 
55 ” 90° 0-30 ” ” ” ” ” ” 
Ends of electrodes initially set to touch 0-125 in. below plate surface 
Welding conditions: Current amp 
Arc voltage 25 V } Both guns 
Wire feed speed 280 in./min (Rectifier) and 245 in./min (Generator) 
Argon flow 25 cu.ft/hr through each gun 
Travel speed 12 in./min 
Table VII 
Two-wire welds in argon with U preparation 
Travel Dimensions of U Preparation, in. Dimensions of Bead, in. 
Weld Speed, Width at Root Radius At max. Reinforcement 
No. in./min Plate Surface Depth Face at Root Penetration width Remarks 
56 12 } ts ts } 0-44 0-76 —0-04 Groove not filled 
57 * 4 a me % 0-40 0-80 0-10 
58 6 } 1s +h me 0-50 1-25 0-14 Backhand (10° slope) 





the shielding gas was pure argon. The two guns were 
usually mounted side by side (Fig. 6); a few experi- 
ments, however, were made with the guns fore and 
aft. Plate for all the experimental work was $ in. thick 
hot rolled phosphorus-deoxidised copper. 

One series of experiments was designed to investigate 
the effect of the spacing of the two electrodes on weld 
shape, penetration, and reinforcement. For this 
purpose, bead-on-plate tests were performed with the 
wires separated by a distance of from zero to one inch. 
Penetration measurements on the sectioned, polished, 
and etched beads are contained in Table V and a few 
of the beads are illustrated in Fig. 7. 

The effect of chamfering the edges of the plates at 
various angles was investigated in welding from one 
side. In every case the root face was } in. and the angle 
cut on each pair of plates was 5, 15, 25, 35, or 45°, 
giving included angles of 10, 30, 50, 70, and 90° 
respectively. Details are recorded in Table VI and 
typical welds are shown in Fig. 8. 

In view of the poor penetration obtained when 
welding chamfered plates, the applicability of a U 
preparation was investigated under the conditions 
detailed in Table VII, typical sections being illustrated 
in Fig. 9. It was difficult to fill the prepared groove 
with weld metal in one run with the guns in the fore- 
hand position, and an attempt was made to weld in 
one pass by the backhand technique. During backhand 
welding, it was noted that a considerable amount of 
molten metal ran along the root of the groove, but 
subsequent examination revealed that this metal was 
fully incorporated in the weld (Fig. 10). 


Discussion of results 


As will be seen from examination of Fig. 6, which 
shows the arrangement of the welding guns, the point 


of contact of the two electrode wires could be made to 
coincide with the surface of the plates or, if desired, to 
meet at a predetermined depth below the plate surface. 
With the wires separated by 1 in. (weld 50 of Table V 
and Fig. 7g) the two wires burned as individual 
electrodes and formed two separate beads. At } in. 
separation (weld 49 of Table V and Fig. 7/) two 
separate beads were deposited at the start of the weld 
and these ran together, as the temperature of the plate 
increased by arc heating, to form one bead with two 
distinct tongues of penetration. When the separation 
was decreased further, the two wires formed one bead 
which was generally free from defects even though the 
welding current was 400 amp on each wire. One 
instance of tunnelling was observed in weld 45 of 
Table V (Fig. 75). However, this fault was eliminated 
and penetration improved by increasing the welding 
speed and raising the electrodes (Fig. 7c). 

A few ad hoc trial welds were made with square 
edge close butted plates (Fig. 11), and it was apparent 


11—Two-wire square edge close 
butt weld 





that welds could be made in two runs, one from each 
side of the plate, if the process of back chipping and 
sealing were to be adopted. However, the amount of 
metal to be removed was thought to be excessive, and 
some kind of weld preparation was considered to be 
desirable. 
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In the single-V butt welding trials (Table VI and 
Fig. 8), the best results were obtained with the 70° 
included angle, but in every instance defect-free welds 
were obtained with excellent interfusion between weld 
metal and parent metal. 

It was apparent that in the welds made with single-U 
preparations (Table VII), with a groove ; in. deep 
and ? in. wide, the amount of deposited metal was 
insufficient, and better joint filling was obtained with a 
groove of the same depth but only $ in. wide. How- 
ever, by means of the backhand welding method, 
filling of a ? in. wide groove 7% in. deep was accom- 
plished, with the results illustrated in Fig. 10. 

One of the shortcomings of the use of existing 
commercial welding equipment in this investigation 
has been the difficulty of bringing the electrode wires 
close together. Thus it was only safe to infer from 
examination of the two-wire bead-on-plate macro- 
sections (Figs. 7-11) that the optimum electrode 
separation was of the order of 2 in. 

It is considered that significant advantages would be 
obtainable from a welding gun capable of feeding two 
or more parallel wires, with facilities for translatory 
movement of the wires. With such equipment a more 
critical appraisal of two-wire consumable electrode 
welding could be made. 


Conclusions 


The use of argon-nitrogen mixtures rather than pure 
argon can be beneficial in the welding of thick phos- 
phorus-deoxidised copper by enabling preheat tem- 
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peratures to be reduced or welding speeds increased. 
There is also a slight economic benefit in reduced 
shielding gas costs. Preheat cannot be eliminated 
entirely owing to the form of the molten pool and the 
risk of tunnelling with 7 in. dia. wire at currents of 
the order of 400 amp and above. It is possible that 
high current welding with larger diameter wire would 
be satisfactory, but power sources of considerably 
greater output than those commonly available would 
be required to weld metal of } in. thickness and above. 

The twin consumable electrode process is probably 
more versatile and could tackle a wide range of 
material thicknesses using commercially available 
power sources of 400-500 amp capacity. Its applica- 
tion to the downhand welding of 4 in. thick unpre- 
heated copper has been demonstrated although its 
suitability for positional welding is in doubt owing to 
the size of the molten pool. Clearly the twin-electrode 
process with argon-—nitrogen shielding should be 
economically attractive, but further advances would 
depend on the availability of suitable twin-electrode 
equipment. 
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Meeting in Utrecht (see p. 366) 


Right: The Mayor of Utrecht 
speaking to J. C. Beugelink 
(on his right), Secretary of the 
Netherlands Welding Society. 
Mr. W. P. Kerkhof, President 
of the Society is on the Mayor’s 
left, and Mr. G. Parsloe, 
Secretary of the British Institute 
of Welding is on the extreme 
left of the picture. 


Below: Professor G. Westendorp 
(left) and Mr. S. R. Banks (right) 
presenting their papers at the 
technical sessions. 
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B.W.R.A. REPORT 


Investigation of Filler Materials for 
Welding Al-Zn—Mg Alloys 


By P.T. Houldcroft, B.sc. 


The report describes work carried out mainly during the period 1953-56 with 
the object of devising a filler material for welding high-strength Al-Zn—Mg 
alloys of the type used in the British aircraft industry to specification DTD 683. 
The aim was to produce a filler alloy which would give weld metal of sufficiently 
good resistance to cracking to be reliable under all but the most severe welding 
conditions, and to possess a strength high enough to ensure yielding in the 
softened heat-affected zone before failure of the joint. 

The preparation of filler rods of various compositions shows that almost any 
variation in the Zn and Mg contents alone does not give the required resistance 
to cracking. The addition of limited amounts of silicon to the filler material 
to reduce the solidus temperature gave some improvement in resistance to 
cracking. Additions sufficient for adequate cracking resistance, however, 
adversely affected joint strength. 

The work suggested that it was impossible to devise a completely satisfactory 
filler alloy for the high-strength Al-Zn—Mg alloys, but that there might be scope 
with alloys of lower alloy content including the medium-strength Al-Zn-Mg 





alloys used on the Continent. 


ment of filler alloys for welding the high- 

strength heat-treatable Al-Cu—Mg alloys. The 
general approach was to develop a filler alloy which 
would give weld metal of sufficiently good resistance 
to cracking to be reliable under all but the most 
severe welding conditions, together with a strength 
high enough to ensure yielding in the softened heat- 
affected zone before failure of the joint. The investiga- 
tion involved the use of a specially developed cracking 
test, mechanical tests on welded joints, and ageing 
tests on as-deposited weld metal. Alloys in the Al- 
Cu-—Mg-Si system were examined for suitability as 
filler materials, an initial selection being made on the 
basis of the work on cracking of the welding research 
team at Birmingham University? and B.W.R.A. work 
on the dilution of weld beads.* 

The present report describes work, carried out on 
similar lines, with the object of devising a filler 
material for welding the high-strength Al-Zn—-Mg 
alloys, containing a nominal 6% Zn, 2:75% Mg, as 
used in the British aircraft industry to the specification 
DTD 683. 


A PREVIOUS report! described work on the develop- 


Selection of Alloys for Test 


When the work began (in 1953) data on the crack- 
ing tendencies of Al-Zn-—Mg alloys were sparse. It was 
known in general terms, however, from welds made in 


DTD 683 with Al-Mg fillers, that filler alloys high in 
magnesium gave welds less susceptible to cracking 
than the parent material. There was also evidence that 
copper had an adverse effect.* The initial selection of 
filler alloys for testing was made therefore mainly on 
the basis of mechanical properties. 

Hardness surveys of welds in DTD 683 indicated 
that the minimum hardness in the heat-affected zone 
was not likely to be much more than 110-120 D.P.N. 
Tests on samples of parent plate, over-aged at 250°C., 
the temperature likely to be attained in the heat- 
affected zone, showed that a hardness of 110-120 
D.P.N. corresponded with a proof stress of about 
18-20 tons/sq.in. and an ultimate stress of 24- 
26 tons/sq.in. As for welds in Al-Cu-Mg alloys the 
limit or joint strength was imposed not by the soften- 
ing in the heat-affected zone but by the strength of the 
weld metal. To fulfil the requirement that yielding or 
failure should occur in this region and not in the weld 
metal, it was clearly essential to select filler alloys 
capable of giving the highest possible strength in the 
weld bead. , 

The effect of composition on the properties of 
wrought and cast Al-Zn—Mg alloys has received 
considerable attention. Recent work on wrought 
alloys, including that by Herenguel,® and Cook, 





Report C2/4/58 of the British Welding Research Association, 
circulated to members in November 1959. 
Mr. Houldcroft is Chief Metallurgist of the Association. 648 
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Chadwick, and Muir,® indicated that the compositions 
of wrought alloys of equal strength lay on roughly 
hyperbolic lines in the Al-Zn—Mg ternary diagram, 
the lines being closer together at the zinc end. Above a 
Zn+Mg content of 9% excessive brittleness was 
reported. 

A useful range of casting alloys, investigated by 
Eastwood and Kempf,’ and also by Holzworth,*® 
contained 0-5-0-75% Mg and up to 8% Zn. The 
strength of these alloys in the sand-cast condition 
increased progressively from 14 tons/sq.in. at 3% Zn 
to 18 tons/sq.in. at 8% Zn. 

Data were also available on the properties of binary 
Al-Mg alloys as both chill castings and welded 
wrought material. These data indicated that the U.T.S. 
of welds was somewhat higher than that of chill 
castings in the same alloy. A strength of 19 tons/sq.in. 
was obtained in welds in an Al-7% Mg alloy, and 
17 tons/sq.in. in an Al-5&% Mg alloy. 

In view of this, the first series of alloys for test, 
Series I, Table I, included several alloys with Zn-+Mg 
of about 9% with high zinc (which were thought to 
promise the best strength); three alloys of near parent 
metal composition, two having higher magnesium 
contents than normal; and one alloy with high mag- 
nesium and low zinc. This last alloy was not expected 
to give the highest strength but it was hoped that it 
would give improved resistance to cracking. The effect 
of copper content was investigated by repeating the 
series with copper at about 0-5%. Subsequently a 
second series of alloys, Series II, Table II, was pro- 
duced with rather lower Zn-+-Mg contents but in- 
cluding 0-5 °% Ti. In a third phase of the investigation, 
additions of Si were made to overcome cracking, the 
object being to add enough Si to prevent cracking but 
not enough to affect the weld strength adversely. The 
alloys investigated are given in Table III. 

One of the difficulties in devising filler alloys for a 
parent metal high in alloying additions, such as 
DTD 683, is that the composition of the weld bead 


Table I 
Analysis of series I Al-Zn—Mg filler alloys 





Composition, % 


Meg Cu Si Ti 
— 0:15-0:20 0-14 
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Filler 
Cast 
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* Contained also 0-05 % boron 
All alloys contained 0-15-0-20°% Fe and Nos. 1-15 contained 
0-15-0-20% Cr 


Table I 
Analysis of series II Al-Zn—Mg filler alloys 





Filler 


Cast 
C17 
C18 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 


Composition, % 
Cu 


.N 


COSANAISOUN 
SESLSSRRERVS 


Ti 
0-28 


oo 
4aa5 


Si 
0-15-0-20 


HWY YHAI Ve 
wonun~l 


ide Wa ah tS eran 
w _ NO \o 
¥SntRBS8 





, 


alloys contained a nominal 0-15°% Fe, with Cr absent 


Table III 
Analysis of series III Al-Zn—Mg filler alloys 





Filler 
Cast 


C27 
$34 
$35 
S36 
$37 
$39 
$38 
PMS 


Composition, %, 
Cu 


0-49 
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Ti 
0-35 
0-20 
0-29 
0-24 
0-22 
0-28 
0:26 
0-09 
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All alloys contained a nominal 0-15% Fe, with Cr absent 


Table IV 


Mechanical properties of some Al-Zn—Mg filler alloys in the 
extruded annealed and extruded fully heat-treated conditions 





Properties 
Annealed Heat-treated 
Nominal “1% 

Analysis, °%, Elong. Elong. Proof 

on 4/ A, U.T.S., on 4,/ A, Stress, 

No. Zn Mg Cu 9 tons/sq.in % 
20-0 
19-8 
16-3 
17-3 
17-5 
21-3 
20-5 


U.T.S., 

tons/sq.in. tons/sq.in 
23-0 29-0 
29-0 33-0 
33-5 36-0 

. 38-0 

41-0 

34:3 

35-0 
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cannot be changed significantly unless either very large 
additions are made to the filler alloy or the dilution is 
kept to a low level. 


Experimental Techniques 


Filler rod preparation 

Series 1 alloys were chill cast to | in. dia. ingots and 
extruded to } in. dia. rod on an extrusion press fitted 
to a 50 ton testing machine. These rods were drawn to 
wire to 3 and } in. dia., degreased, and pickled. As a 
matter of interest, the mechanical properties of 
several of the extruded rods were determined in the 
annealed and solution heat-treated conditions (Table 
IV). 
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Series II alloys were cast as 4 in. thick plates from 
which the filler rods were cut as strips. To make 
handling of the filler rod easier during welding, the 
edges of the strips were rounded by grinding so that 
the finished rod was roughly % in. dia. The rods were 
degreased and pickled before use. 

Series III alloys were prepared by both these 
methods. 


Filler alloy assessment 

The same procedure was adopted as for the work 
on Al-Cu-—Mg alloys'—briefly: cracking tests using 
the specially developed ‘fishbone’ cracking tests;° 
ageing tests on as-deposited weld metal; and mechan- 
ical tests on welds in } in. and } in. thick material 
made by the argon tungsten-arc process. Work on 
weld metai ageing in relation to filler alloy selection for 
both the Al-Cu—-Mg and Al-Zn-—Mg alloys has been 
fully reported previously. 

Cracking tests were made on 0-063 in. thick 
material using ; in. dia. filler and argon tungsten-arc 
welding with a current of 65 amp. The dilution in the 
cracking tests was 65-75%. 

Welds in } in. thick material were made by manual 
argonarc welding at 165 amp and 10 in./min using 
4 in. dia. filler and a close square butt edge prepara- 
tion, which gave a weld dilution of about 70%. For 
welds in } in. thick plate the current was 250 amp and 
a single pass, 70°% single-V technique was used giving 
a welding speed of 4 in./min and a dilution of 40-50%. 
In welds made using the cast filler rods it was difficult 
to avoid oxide inclusions completely, and a number of 
test pieces had to be discarded. Cracking also occurred 
in a number of test plates. 


Weld Cracking 


Cracking tests on all the alloys investigated are 
summarised in Tables V and VI. The results are 
reported as the length of cracking in inches—the 
longer the crack the more severe is the cracking 
tendency. A crack length of less than 0-5 in. is re- 
garded as indicating that the alloy would be trouble- 
free in practice. 

The main impression of the results of the Series I 
tests was that cracking was little affected by even large 
variations in the Zn and Mg content of the filler 
material. This was thought to be due to either or both 
of the following reasons: (a) dilution, accentuated by 
the fact that the parent alloy already contained large 
additions of Zn and Mg; (4) in the region of the Al- 
Zn-—Mg system examined, Zn and Mg variations have 
little effect on cracking. It was clear that there was no 
point in employing copper-free filler alloys unless 
copper-free parent metal was also used. The only 
significant improvement in cracking» resistance was 
obtained with the alloys with over 5% Mg and addi- 
tional grain refinement. None of the alloys, however, 
approached the 0-5 in. cracking estimated as the 
minimum necessary to ensure freedom from cracking 
in practice. The performance of filler 581 containing 
boron was particularly disappointing. 

A further series of alloys, Series II, Table II, was 
then prepared from small melts using the cast slab 
technique. These alloys were chosen to give a generally 
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greater variation in Zn and Mg in the weld bead than 
the previous series. The Cu content was maintained at 
0-5% and a nominal addition of 0-5% Ti was also 
made to each alloy. With this second series, numbers 
40-49 in Table VI, there was a barely significant 
overall improvement in the tests; again all the results 
were somewhat similar except that this time the 5% Zn 
alloys appeared to be a little superior. It was con- 
cluded at this stage that variations in Zn and Mg, or 
grain refinement, alone could not give the required 
improvement in cracking resistance but that there was 
slightly reduced cracking when using a filler alloy 


Table V 
Cracking tendencies of series I filler alloys 





Cracking 
Filler Alloy Type Severity* 
Zn, Mg, co & 2 No. of Centre 
No. % y 4 — 2 2 Tests Lengtht No.t 
» § 1 — — 015 6 1-39 6 
a: 1 O05 — ,, 6 1-13 6 
> re @ —- — » 6 1-18 6 
4 73 2 O05 — , 6 1-20 6 
- & 25 O05 — , 6 1-28 6 
6 55 3 5S — , 7 1-3 7 
t oo 3 O05 — , 6 1-28§ 6 
8 55 3 —- — , 7 1-57 7 
9 65 3 05 — , 6 1-18§ 6 
10 45 4 —-_ — ys 6 1-16§ 6 
11 45 4 05 — , 6 1-08 6 
13 45 55 O5 — , 6 0-89§ 6 
14 6 25 15 — , 6 1-48 6 
15 6 2-5 1:5 — +B 6 1-42 6 
16 2 6 — — 015 6 1-11 6 
2 6 — 0-50 6 0-80 6 
18 4 6 — — 015 6 0-91 6 





* There was no edge cracking 
+ Average length of crack in samples exhibiting the type of 
cracking noted 
{ Number of samples exhibiting the type of cracking noted 
§ Parent metal cracks also in these tests 
Parent metal analysis: Zn, 6-27%; Mg, 3-1%; Cu, 1-36%; 
Mn, 0-4% 


Table VI 
Cracking tendencies of series II and III filler alloys 





Filler Alloy Type No. Cracking Severity 
Zn, Mg, Cu, Si, _— = Centre Edge 
No. of % % % % Tests Length No. Length No. 
40 85 05 05 — O05 8 1-30 7 1-40 1 
41 7 05 ., — » 6 1-38 6 a _— 
42 7:5 2 » — 6 1-10 6 — — 
43 6 ] — = «= 6 1-50 5 1-40 1 
44 5 — » — » 6 1-03 6 — — 
SoS sep wo» = -w 6 1-19 6 — _— 
4415 25 ,— , 6 1-17 6 oa — 
47 2 4 a 9 1-12 8 1-40 1 
48 4 4 a Ow 6 1-07 6 — — 
49 5 25 »w = 7 1-00 7 — — 
50 4 25 051 05 8 0-72 8 090 4 
51 6 1:5 — 0-5 0:25 6 0-84 6 0-54 3 
52 8 15 — 1 “A 5 1-10 5 0-57 2 
3345 35 — O05 , 6 1-09 6 — — 
mam 85 33 =— 55 ws 5 0:27 4 1-63* § 
= 2 3 — | a 5 0-82 4 1-45 2 
56 5 3 — 15 , 5 0-93 4 1-32 2 
ie 2 0525 — 6 0-35 6 — —_ 





* Cracks in parent material 
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with 5% Zn and up to 2% Mg or an alloy with 4% Zn 
and 4-6% Mg. 

Patterson, Kiimmerle and Lessenich™ have reported 
a complex cracking diagram for Al-Zn-Mg alloys 
with 0-5% Cu, based on ring-casting tests. A small 
region of reduced crack sensitivity was observed at 
about 6% Zn and low magnesium and another larger 
area at about 4-5-8:5% Zn and 5-6% Mg. 

These observations are not at variance with the weld 
cracking tests reported here if allowance is made for 
dilution. 

It was known that there was freedom from cracking 
in welds made with an Al-5 % Si filler rod but that the 
weld beads so produced were of low strength. There 
appeared to be a possibility, however, that silicon 
additions could be controlled in such a way that 
adequate cracking resistance could be obtained 
without too great a sacrifice of weld properties. 
Series III alloys (Table III) were then prepared with 
additions of from 0-5 to 2:5% Si. Because of diffi- 
culties in controlling additions of titanium at the 
0-5% level this series was prepared with a nominal 
0-2% Ti. 

It was apparent from the results with fillers 50-56 
in Table VI, that additions of 1-5% Si were not 
sufficient to reduce cracking to the required level. The 
incidence of edge cracking was also noticeably in- 
creased. This in itself is not unsatisfactory, however, 
for the first stage in the prevention of cracking is to 
move the position of the crack from the weld bead to 
the edge of the weld. To prevent cracking entirely 
it is necessary to improve both the cracking resistance 
of the weld bead and also to lower its solidus so that 
the parent metal is locally unstressed when passing 
through its hot-short range. An addition of 2-5% 
nominal (2-8 % actual) Si to the best alloy in Series II, 
with the object of reducing the solidus of the weld 
bead, reduced cracking to well below the required 
level (test No. 57) but it was evident from the margin 
of safety that the addition was excessive. 

If any further work is done on devising filler alloys 





Table VII 
U.T.S. of welds in 1/8 in. thick DTD 683 made with some of 
series I alloys 
Filler Type U.T.S., tons/sq.in. Weld Analysist 
Filler Zn, Mg, Cu, Reheat- Zn, Mg, Cu, 
No % % %_ As-welded* treated > «= 
19141 — 21-8 36°5 6-7 1-91 1-02 
2 3 5 @s 22:2 31-0 6°8 2-24 1-19 
3 752 — 22:3 34-4 6:5 2-44 1-08 
4 F352 65 21:2 33-8 6-4 2-40 1-15 
9 653 05 22-8 36-4 6-2 2-65 1-18 
12 45 55 — 20-6 33-8 5-6 3-31 1-03 
13 45 5-5 0°5 23-0 35-6 5-4 3-52 1-10 
Ss 6 23 8S 22:9 36:3 6-0 2-57 1-41 





o/. 
40> 


Parent metal analysis: Zn. 6-0 
Mn, 0-27 %. 

U.T.S. of parent metal = 38-3 tons/sq.in. 

Location of fracture in the as-welded conditions was frequently 
in the weld metal unless the U.T.S. exceeded 22 tons/sq.in., 
when it generally occurred at the edge of the weld. After heat 
treatment weld metal failures did not occur where the U.T.S. 
exceeded 35 tons/sq.in. 

* Aged 2-4 weeks 

+ Estimated from dilution at approx. 70% 


Mg, 2:55%; Cu, 1-41%; 
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Table VIII 
U.T.S. of welds in 1/4 in. thick DTD 683 made with series I alloys 





Filler Type U.T.S., tons/sq.in. Weld Analysist 

Filler Zn, Mg, Cu, Reheat- Zn, Mg, Cu, 
No % % %_ As-welded* treated > % 
191 — 20:1 33-2 7-7 1:9 0-2 
2 } 21-9 34-6 75 2:0 0-5 
3 752 — 25-0 37-9 67 2:5 03 
4.7523 @5 24-7 35-4 6:7 2:5 0-5 
S $. 33 @3 22:2 33-6 5-4 2:7 0-5 
6 $33 1:5 22°6 35-3 56 30 1-0 
7 553 05 19-6 34-2 56 3:0 0-5 
9 653 05 23-9 34-6 62 3:0 0-5 
10 454 — 23-9 33-5 5-71 3-5 0-2 
11 454 0-5 22:5 35-8 5:2 3-4 0:5 
12 45 55 — 22:7 35-6 5-1 42 0-2 
13. 4-5 5-5 0-5 23-2 35-8 5-1 42 0-5 
14 6 2-5 1°5 26°6 36-0 60 2:83 0-8 





Parent metal analysis: Zn, 6-°03%; Mg, 2:7%; Cu, 0°51%; 
Mn, 0-32 %. 

Properties of parent metal: Proof stress 31-9; 

U.T.S. 38-2 tons/sq.in; Elong. 12%. 

Location of fracture in the as-welded condition was at the edge 
of the weld except with filler 14 when it was in the heat- 
affected zone. Failure after reheat-treatment was almost 
always in the weld metal. 

* Aged 4-6 weeks 

t Estimated from dilution at approx. 45% 


for DTD 683 or other Al-Zn-Mg alloys it would be 
worth considering two alloys; 5% Zn-2% Mg and 
4% Zn-5% Mg, each with 1-2% Si. Preference might 
be given to the former composition since a high-zinc— 
high-magnesium alloy would be difficult to draw to 
wire and would be more suspect as regards stress 
corrosion. 


Joint Strength 


The properties of joints in } in. and } in. material 
made with most of the filler alloys used in the cracking 
investigations were examined by tensile testing joints 
with the weld reinforcement removed. 

As shown in Table VII, the U.T.S. in both the as- 
welded and reheat-treated } in. thick material was 
fairly consistent, regardless of the filler material. This 
was to be expected, for the dilution was high and the 
estimated weld bead compositions were similar. With 
welds in } in. plate (Table VIII) rather higher proper- 
ties were obtained, the best results being with the 
parent metal filler. When these first tests were made it 
was not appreciated that weld beads of this composi- 
tion would be so readily susceptible to natural ageing 
and no special precautions were taken to control the 
time lapse between welding and testing. The slightly 
lower figures for } in. material may have been due to a 
shorter ageing period. 

Tables IX and X giving the U.T-.S. of joints made 
with some of the Si-containing filler alloys, indicate 
that when joints received an artificial ageing treatment 
the addition of Si had little effect on properties. When 
the hardness in the weld bead exceeded that in the 
heat-affected zone by a factor of >1-3, the location 
of fracture moved to the heat-affected zone. As with 
the welds in DTD 646 reported previously, there was 
a tendency in transverse tensile testing towards failure 
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at the edge of the weld in the overheated fusion zone 
where porosity had developed. This mode of failure 
has been attributed to the gas content of the parent 
metal.? 

Mechanical properties of welds in } in. sheet made 
by the only filler alloy giving adequate crack resistance 
(No. 57) were considerably lower than for any of the 
other alloys (Table XI). Whilst some improvement 
on these results might be obtained by minor adjust- 
ment of the filler composition it is clear that joint 
efficiencies above 60°% will be difficult to obtain. 
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Although there are a number of gaps in the work 
reported, there is little doubt that adequate crack 
resistance as well as reasonable weld strength cannot 
be obtained from the same filler alloy. If some sus- 
ceptibility to cracking can be tolerated, however, there 
are several filler alloys which would give an as-welded 
U.T.S. of about 24 tons/sq.in., corresponding to a 
65% joint efficiency. 

A change in parent metal composition to a lower 
total Zn and Mg alloy content might enable the 
required cracking resistance to be obtained without 


Table IX 
Mechanical properties of welds in 1/8 in. DTD 683 made with some series I and series III filler alloys 





Weld Analysis* U.T.S.., 
Filler No. Zn,% Me,% Cu% Si,% tons/sq.in. 

(a) 

18 5-6 3-9 0-9 0-2 34-3 
16 4:4 3-6 1-0 0-2 33-3 
52 6°6 2:2 0-9 0-45 32:1 
53 5-5 2:8 0-9 0-3 34-0 
54 5-4 2:8 0-9 0-6 30-9 
(b) 

18 5°6 3-9 0-9 0-2 21-3 
16 4:4 3°6 1-0 0-2 21-4 
52 6°6 2:2 0-9 0-45 24-4 
53 5-5 2:8 0-9 0-3 25-4 
54 5-4 2°8 0-9 0-6 20-7 


Elong. on 2 in., Fracturet 
» 4 H, t Weld Edge Plate 
4-0 1-0 —_ 6 — 
3-5 0-97 2 3 — 
2-0 1-03 3 2 — 
3-0 0-98 1 3 — 
2-0 0-96 1 3 — 
2:5 0-87 1 2 — 
2-0 0-89 | — — 
2-0 0-89 | — — 
3-0 0-9 — 1 — 
1-3 0-9 2 2 — 





(a) Fully heat treated after welding 


(b) Sheet fully heat treated before welding, joints aged naturally for six weeks before testing. 


* Calculated from dilution 


+ An indication of hardness uniformity, minimum hardness in weld metai divided by minimum hardness in heat-affected zone 
(see ref. 1). Weld metal softer than HAZ when H, less than 1 and vice versa. 

t Figures give number of tests which failed in the manner indicated 

Parent metal analysis: Zn, 6-01 °%, Mg, 2°55%; Cu, 1-41%; Cr, 0-12% 

Properties of parent metal: Proof stress, 32-8: U.T.S., 37-4; Elong., 11°5% 


Table X 
Mechanical properties of welds in 1/4 in. DTD 683 made with some series I and series III filler alloys 





Weld Analysis* U.T.S., 
Filler No. Zn,% Meg,% Cu,% Si,% tons/sq.in. 

(a) 

18 5-4 4-9 0-25 0-2 32-7 
16 5:1 4-4 0-35 0-2 33-1 
17 5-0 4-5 0-35 0-2 32:7 
52 7-0 2-0 0-25 0-6 30-3 
53 5-1 3-2 0-25 0-4 33-0 
54 5-0 3-1 0-25 0-5 29-8 
(b) 

18 5-4 4-9 0-25 0-2 20-8 
16 5-1 4-4 0-35 0-2 23-7 
17 5-0 4-5 0-35 0-2 21-6 
52 #0 2-0 0-25 0-6 21-3 
53 5-1 3-2 0-25 0-4 21-3 
(c) 

18 5-4 4-9 0-25 0-2 23-7 
16 5-1 4-4 0-35 0-2 23-5 
52 7-0 2-0 0-25 0-6 23-8 
53 5+] 3-2 0-25 0-4 24-9 
54 5-0 3-1 6-25 0-9 24-2 


Elong. on 2 in., Fracturet 
% H, t Weld Edge Plate 

1-75 0-93 — 6 — 
2:5 0-91 2 4 —_— 
1-3 1-02 1 1 —_— 
1-5 0-89 — 6 — 
2-0 0-95 1 7 — 
1-0 0-87 2 1 — 
2:5 0-99 — 3 

4:0 0-97 — 3 — 
4:0 1-31 — 2 — 
1-5 1-06 _ 3 

2°5 1-13 _ 3 _ 
2°5 1-25 2 a — 
40 0-97 2 6 — 
4-0 1-49 1 2 2 
6:0 1-4 - 1 4 
2:5 1-26 — 4 -] 





(a) Fully heat treated after welding 
(b) Joints aged for 6 weeks after welding 
(c) Plate welded in solution heat-treated condition, joints aged for 10 hr at 135°C. 


* Calculated from dilution 
+ An indication of hardness uniformity, minimum hardness in weld metal divided by minimum hardness in heat-affected zone 
t (see ref. 1). Weld metal softer than HAZ when H, less than 1 and vice versa. 

Figures give number of tests which failed in the manner indicated. 
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Table XI 
Properties of welds in 1/8 in DTD 683 made with high silicon filler No. 57 





Weld Analysis* U.T.S., 

Condition Zn,% Mg,% Cu.% Si,% tons/sq.in. 
AW 5-7 2:3 1-1 1-2 18-5 
WA 5-7 2:3 1-1 1-2 21-9 
FT 5-7 2-3 1-1 1-2 20-2 


Elong. on 2 in., Fracture 
y 4 H, t Weld Edge Plate 
2 0-93 6 _ _ 
Ye 1-15 6 — _— 
1-5 0-65 3 _ — 





AW = As-welded 
WA = As-welded and aged at 140° for 10 hr 
FT Fully heat-treated after welding 


* Calculated from dilution 


I tl 


+ An indication of hardness uniformity, minimum hardness in weld metal divided by minimum hardness in heat-affected zone 
(see ref. 1). Weld Metal softer than HAZ when H,, less than | and vice versa. 


much sacrifice of welded joint strength, although the 
strength of the parent metal would undoubtedly be 
lower than that of DTD 683. If a joint efficiency of 
about 75% is considered to be adequate it might be 
possible to find a suitable filler alloy for a parent 
metal at the low end of the DTD 683 specification. A 
parent metal of this type would, however, have to be 
treated as virtually a new alloy. 

Much of the experience gained in the present work 
could be applied to the alloys with lower Zn and Mg 
contents being produced at present on the Continent. 
These alloys have the property of ageing naturally in 
the heat-affected zone after welding, so that the joints 
approach 100% efficiency. The strength of these alloys 
in wrought form, however, is considerably lower than 
that of DTD 683. 


Conclusions 


It has not been possible, by varying only the Zn 
and Mg contents, to devise a filler material for welding 
DTD 683, which will give the required resistance to 
cracking. The fact that little change in cracking 
tendencies resulted from quite large variations in filler 
composition is thought to be due to the effect of 
dilution, and also because, in the region of weld metal 
compositions covered by the variations, the cracking 
tendencies of Al-Zn-Mg alloys are similar. Adequate 
cracking resistance can be obtained by reducing the 
solidus of the weld bead with the introduction of 
silicon. Successful welds have been made with an alloy 
containing 5% Zn-2% Mg and 2°5% Si. 

With several filler alloys, including a parent metal 
filler, an as-welded joint strength of about 25 tons/ 
sq.in. U.T.S. has been obtained, with failure frequently 
in the heat-affected zone. The addition of sufficient Si 


to give adequate resistance to cracking, however, 
prevents this strength from being obtained, although 
about 20 tons/sq.in. U.T.S. can be achieved. 

For a parent metal of lower total alloy content, it 
may be possible to develop a filler alloy with the 
required resistance to cracking without such a serious 
sacrifice of joint strength, and actually to obtain higher 
joint efficiencies. 
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News of the Institute and Branches 


B.W.R.A. 
and Industry 


MEETINGS 
Annual General Meeting 


The Thirty-Eighth Annual General 
Meeting of the Institute will be held at 
54 Princes Gate, Exhibition Road, 
South Kensington, London, S.W.7, on 
Thursday, 13th July, 1961 at 2.30 p.m. 


Honorary Officers for 1961-2 


The following members, nominated 
by the Council, have been elected un- 
opposed, and will take office at the 
Annual General Meeting, on 13th July, 
1961: 


President: Mr. H. West 


Vice-Presidents: Mr. C. Humphrey Davy . 


Mr. L. Redshaw 
Honorary Treasurer: Mr W. E. Harriss. 


Joint meeting with the Netherlands 
Welding Society 


Nearly 40 members of the Institute of 
Welding, together with visitors from 
Belgium, France, Germany, Switzer- 
land, and the U.S.A., enjoyed the 
hospitality of their Dutch colleagues for 
three days at the beginning of June. The 
occasion was a Joint Meeting of the 
Netherlands Welding Society (Neder- 
landse Vereniging voor Lastechniek) 
and the British Institute of Welding to 
discuss papers on the theme of ‘Alumin- 
ium’. 

Participants were received and wel- 
comed to the Congress Hall in Utrecht 
on the morning of 31st May by ir.W. P. 
Kerkhof, President of the Netherlands 
Welding Society, who also presided at 
the first session for the presentation of 
papers. 

These were on the subject of “Weld- 
ability’ as follows: 

““Some remarks on the weldability of 
aluminium” by Prof. ir. G. Westen- 
dorp 

“Factors influencing the properties of 
welds in aluminium” by J. C. Bailey 
and G. W. Eldridge 

In the afternoon, at the 2nd session 
under the chairmanship of Mr. J. C. 
Bailey in the regrettable absence of the 


Other Societies 


INSTITUTE ACTIVITIES 


President, Mr. Edgar Fuchs, two papers 
were presented on the subject “Con- 
struction”: 

““Some notes on the design of chemical 
equipment in aluminium” by Prof. ir. 
F. C. A. A. van Berkel and Prof. ir. 
E. F. Boon 

““Some design considerations for welded 
aluminium” by S. R. Banks and R. E. 
Smith 
The proceedings for the whole of the 

meeting were conducted in English, and 
the Dutch speakers are to be con- 
gratulated for their excellent delivery of 
summaries of their papers and the 
clarity of their replies to questions. 

The afternoon’s discussion had to 
close early to allow participants to go to 
the Town Hall, Utrecht, where they 
were officially received by the Mayor in 
the candle-lit Reception Chamber. 

The Mayor recounted briefly some of 
the early history of Utrecht but also 
referred to its modern industry and 
particularly to the Royal Netherlands 
Industries Fair, which was presently the 
venue of the Welding Exhibition ‘Lastu 
61°. He welcomed the British and other 
visitors and hoped that their inter- 
change of views with their Dutch col- 
leagues would be fruitful. 

Mr. Kerkhof, President of the Nether- 
lands Welding Society, and Mr. G. 
Parsloe, Secretary of the British Institute 
of Welding responded with brief 
speeches. 

The technical sessions resumed on 
Thursday morning, Ist June, with dis- 
cussions on the subject “Welding”, 
presented in three papers: 

“Aluminium welding practice’ by L. 
Capel 

““Development of Mig welding tech- 
niques for aluminium” by J. E. 
Tomlinson and D. Slater 

**A recent specification for fusion welded 
aluminium and aluminium alloy pres- 
sure vessels for Class I duties” by 
F. Smith. 

The Chairman was Prof. ir. C. A. A. 
v.d. Woude, Director of the Nether- 
lands Centre for Welding Technique. 

On Thursday afternoon visitors were 
free to tour the Welding Exhibition in 





































































































the adjacent hall. Exhibits were inter- 
national and represented most of the 
welding processes. The British visitors 
appeared to be most interested in the 
variety of submerged-arc units and CO, 
equipment. It is certain that many 
interesting views were exchanged with 
the representatives on the various 
stands. 

The evening was the occasion for an 
informal dinner which will be long 
remembered by the British guests of the 
Netherlands Welding Society. It was 
held in the Kurhaus at the seaside resort 
of Scheveningen, near The Hague. 

This was a thoroughly enjoyable 
occasion when members were able to 
meet their Dutch colleagues informally 
and to enjoy to the full Dutch hospitality. 

The more serious part of the evening 
—the dinner—was prefaced by brief 
humorous speeches by Mr. Kerkhof 
and Mr. Parsloe. 

On the return to Utrecht by coach a 
tour was made of the promenade road 
of Scheveningen which enabled visitors 
to see the newly constructed pier in a 
blaze of lights. 

The last day of the meeting, Friday, 
2nd June, was devoted to tours of the 
Amsterdam and Utrecht works of 
Werkspoor N.V. At Amsterdam, where 
the original works was started on the 
site of the old Dutch East India Comp- 
any, the manufacture and assembly of 
all sizes of diesel engines and rolling 
stock was examined with great interest. 
There was particular comment on the 
well equipped machine shops and the 
evident skill of the craftsmen. The also 
well-equipped training school was a 
focus of special interest. 

Although there were no large alumin- 
ium constructions in course of fabrica- 
tion, visitors were impressed with the 
work on large pressure vessels and 
similar constructions at the Utrecht 
works. Differences in assembly tech 
niques and welding procedures were 
discussed with the guides and much 
useful information was exchanged. 

The Dutch hosts are to be congratu- 
lated on the organisation of a most 
useful and interesting joint meeting and 
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are warmly thanked for their hospitality 
and friendliness to their British guests. 

The following summing-up of the 
technical proceedings was presented by 
the Chairman at the end of the final 
session. 


Summary by Prof. ir. C. A. A. v.d. 
Woude 


In trying to summarise the discussions 
of this Joint Meeting, I have found it 
rather difficult to make a reasonable 
account from my notes; more so on this 
norning’s session with the many, many 
questions that were asked. 

The fact that a weld in some alumin- 
um materials is always assumed to have 
1 reduced strength was explained in the 
irst paper on the basis of our metal- 
urgical knowledge. To decrease the 
jetrimental effect on strength, the width 
of the heat-affected zone can be kept 
vithin certain limits by high welding 
speed or by accelerated cooling, or by 
0th. 

If the weakened zone is narrow com- 
yared with the plate thickness we learn 
rom the mechanical considerations 
yased on compression or tensile loading 
of an aluminium gasket, that the load 
recessary for yielding will be much 
ligher than might be expected. 

In regard to porosity of weldments in 
iluminium or its alloys there was some 
liscussion on the occurrence of hydro- 
zen as compared with the same phe- 
1omenon in steel. Based on curves 
‘epresenting the solubility of hydrogen 
in both metals it seems that, notwith- 
standing the extremely low solubility of 
1ydrogen in aluminium appreciable 
imounts can remain in the solid phase. 
It was suggested that perhaps certain 
zlements present in the aluminium 
metal might influence the development 
of gas bubbles, similar to the supposed 
influence of sulphur in steel. It is still 
very difficult to estimate exactly the 
hydrogen content in metals, and so it 
remains difficult also to study this 
feature. 

In regard to the fact that porosity is 
most severe in the Mig welding process, 
it was pointed out that, because of the 
much thinner wire used for this welding 
method, the wire surface as a source of 
hydrogen is higher than with other 
processes. 

As was stated during the first session, 
it seems that, with respect to the mech- 
anical properties, porosity is not so 
dangerous as would be expected at first 
sight. As an example, a 100% radio- 
graphically sound weld will prove to be 
much weaker than a weld with an 
appreciable amount of porosity. Of 
course, cracking is the cause, but that 
was not mentioned. 

Other defects, such as lack of fusion, 
ind ihe shape of the reinforcement in 
welding are much more dangerous, 
especially with dynamic loading. 

Based on the experience of industrial 
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applications accumulated in _ recent 
years, our knowledge of the sources of 
defects has shown reasonable advance, 
and has indicated that the quality level 
has already been raised considerably by 
improving a number of relevant factors 
such as equipment, edge preparation, 
welding current, gas flow, and so on. 
With further efforts to improve testing 
procedures, it may be expected that it 
will be possible to formulate standards 
for high-class welds and relevant testing 
methods. However, the question of 
allowable stresses in construction has 
not yet been solved. For the time being 
it will be safe to keep to the criterion of 
2/3 the proof stress, based on the weak- 
est region in construction. It is therefore 
recommended that in the design stage 
welds should be avoided in highly 
stressed regions. 

Returning to the necessity of avoiding 
dangerous defects it was stated again 
that in welding, the human eye, and I 
should also say the human hand, of the 
man behind the mask are our final and 
perhaps most important weapons in an 
endeavour to improve weld quality in 
aluminium and its alloys. 

Coming to design, emphasis was laid 
on the fitness of aluminium materials for 
low-temperature service, and also for 
their resistance to corrosive influences. 
The main points of the discussion were 
price and strength parameters, in com- 
paring aluminium with mild steel and 
stainless steel, and concerning the 
properties of the different aluminium 
alloys as constructional materials, with 
respect to corrosion and especially stress 
corrosion. It appeared that, regarding 
the price parameter, perhaps several 
factors, such as the geometry of the 
construction and the plate thickness, 
were not fully accounted for in the 
quoted formulae. 

Concerning allowable stresses, we 
saw that because of the low Young’s 
Modulus peak stresses are also com- 
paratively low. And in comparing soft 
and hard qualities, the yield is lower for 
the soft material and allowable stresses 
would therefore be chosen lower if 
plastic deformation is to be avoided. It 
should be kept in mind in the meantime 
that plastic deformation results in 
strengthening of the material. The 
sensitivity of Al-Mg and Al-Zn-Mg 
alloys were discussed; it was pointed 
out that no special corrosion was 
experienced in tropical regions and that 
the Al-Zn-—Mg was not notably sensitive 
to stress corrosion. 

In ship-building, unprotected Al-Mg 
constructions did not show serious 
corrosion after several years of service, 
even where dissimilar aluminium mater- 
ials were joined. 

Corrosion does occur in the Si-bearing 
alloys, but not comparable with the 
rusting of unprotected steel under the 
same conditions. Whether or not the 
influence of silicon as an alloying ele- 
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ment on the resistance to sea-water 
corrosion for aluminium is comparable 
with its influence in the case of steel 
could not be answered. 

Relating to the proposition of using 
aluminium gaskets and practical ex- 
periences of leakage, it was pointed out 
that of course the efficiency of an 
aluminium gasket depends entirely on 
its deformation. At approximately 50% 
deformation no leakage will occur, not 
even if there are expansion differentials 
due to some temperature cycle, for 
instance, between two bolted flanges. 

From my point of view, I feel quite 
happy that some remarks were made 
about the importance of close co-opera- 
tion between the designer and the weld- 
ing shop. This point was stressed too in 
this morning’s session. 

I am on very ‘thin ice’ in dealing with 
the discussions at this last session be- 
cause of the multitude of questions and 
answers exchanged. In regard to edge 
preparation we have seen the differences 
between Tig and Mig welding and 
furthermore, we have received particular 
information on matters such as the 
influence of continuous current control 
and very recently produced apparatus 
for arc stabilisation. 

Attention has been drawn several 
times to difficulties in radiographic 
control. There are defects which are very 
easily detected, such as porosity which 
is not dangerous, but fine defects, such 
as lack of penetration, and so on, are 
very difficult to detect, and therefore in 
these instances radiography is not so 
efficient. 

At this stage I do not think that I can 
make any further useful remarks on 
these discussions. 

Now that we are at the end of this 
meeting I would like to express our 
thanks, on behalf of the Netherlands 
Welding Society, for your kind co- 
operation: Firstly, to the authors for 
preparing the papers; secondly, to those 
who gave their contributions in dis- 
cussions and questions; and thirdly, to 
all who attended the meeting. 

You, who came over from England, 
are right cordially thanked for coming. 
We hope that you enjoyed the meeting. 
Finally, I express our appreciation to all 
those who came from Belgium, France 
and other countries abroad. 


LIBRARIAN 


Dr. E. M. Sinclair, librarian of the 
Institute since September last, has 
resigned her appointment and left at the 
end of June. 


PUBLICATIONS 
Radiographic Handbook 


The Institute has just published on 
behalf of the International Institute of 
Welding the English edition of the 
“*Handbook on Radiographic Apparatus 
and Techniques’. This book represents 
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the views of the leading experts on this 
subject and deals briefly and simply with 
the apparatus and techniques for the 
radiographic inspection of welds, and 
with the precautions necessary to ensure 
the safety of operators. Copies may be 
had from the Institute of Welding, price 
16s. inclusive of postage. 


NEWS OF MEMBERS 


Mr. T. M. B. Sessions, B.Sc., Past- 
Chairman of the South Western Branch 
of the Institute, has resigned his 
appointment with Messrs. Fielding and 
Platt Ltd., Gloucester, to join the Mid- 
land Cold Forming Alliance, Saltley, 
Birmingham. 


- Obituary 
The Council regrets to record the 
deaths of the following Members: 
Mr. J. W. Bagnall (Wolverhampton, 
Assoc. Member, 1944) 


Mr. W. J. Wilson (Wolverhampton, 
Assoc. Member, 1943). 


Mr. J. W. Graely, Training Officer to 
the Central Electricity Generating Board, 
who died suddenly on 23rd March. He 
was a member of the Education Com- 
mittee of the Institute and of its School 
of Welding Technology Sub-Committee. 
Mr. Graely had taken a special interest 
in the School and had been a guest 
speaker at some of the Course dinners. 


SCHOOL OF WELDING 
TECHNOLOGY 


The next session of courses commen- 


ces in October. The first part of the pro- 

gramme is as follows: 

Course D1/4—Welded Pressure Vessels 
(for designers) 2nd—6th October 

Course D13/3—Residual Stresses and 
Stress Relief (for engineers and metal- 
lurgists) 16th—-17th October 

Course D12/3—Practical Control of 
Distortion (for works engineers and 
supervisory staff) 18th-20th October. 


CO, Arc Welding 

A recent School of Welding Tech- 
nology lecture-course on bare-wire CO, 
arc welding is believed to be the first of 
its type anywhere, and the excellent 
response from industry to the course is 
indicative of the current interest in the 
process and its potential use in engineer- 
ing production. 

In the opening lecture Mr. A. A. 
Smith dealt with the basic requirements 
of a gaseous shield, and the special 
features when using CO,. The two 
fundamental types of metal transfer 
were identified and illustrated by a 
unique slow-motion film, and the general 
arc characteristics of the consumable 
electrode process were described in 
terms of the several variables. This led 
naturally into the succeeding lecture on 
power sources, when Mr. K. G. 
Lavender discussed the type of source 
to be selected for CO, welding, and 
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described the different units and their 
control. Mr. D. B. Tait then dealt with 
the other important aspect of equipment 
selection, namely, the various methods of 
wire feeding for both controlled and 
self-adjusting arc conditions, and types 
of welding gun. In the subsequent two 
lectures, the theme changed when Mr. 
E. J. M. Mitchell and Mr. E. J. Rogers 
considered the varied metallurgical 
effects of welding, first without and then 
with a CO, shielding. Factors such as 
heating and cooling rates, the use of 
slags, oxidation, the presence of im- 
purities (both in the material to be 
welded and in the CO, shield), and many 
others were related to weld quality and 
the soundness of the resultant joint. 

A break from the class-room was 
then provided by the practical demon- 
strations of CO, arc welding equip- 
ment, given by four of the leading 
manufacturers. The demonstrations 
were held in the Large Hall at the 
Surbiton Assembly Rooms, to the 
temporary alarm of the staff, but to the 
satisfaction of the students, who dis- 
cussed their own problems with the 
staff of manufacturers and ‘welded’ for 
nearly three hours with the very latest 
equipment. 

After the demonstrations it was fitting 
that in the following lectures two user 
companies should describe their own 
specialised application experience of the 
process. The warm approval given by 
the students to the lectures of Mr. L. 
Jones and Mr. P. Grieve, and the 
special interest evidenced when cost 
comparisons were made, suggested that 
these lectures were the highlight of the 
course. To the School, however, the 
pleasure was tinged with a shade of dis- 
appointment that so few companies had 
agreed to contribute to this important 
part of the course: perhaps more in- 
formation will be available and forth- 
coming when the next course is organ- 
ised. The course concluded with a 
stimulating survey by Mr. J. A. Lucey 
of his own ideas of future trends in the 
development of CO, arc welding. The 
scope of the lecture embraced the use of 
fluxes and gas mixtures, and led to a 
final discussion in which both students 
and a number of the earlier speakers 
took part. 

The course, which lasted for three 
days, was held at the Institute of Weld- 
ing and was attended by nearly 50 
‘students’—supervisors, welding engin- 
eers, managers and metallurgists from 
engineering companies throughout the 
country. Many applications for places 
had to be turned down, but so keen was 
the interest that the School hope to 
organise a similar course before the end 
of the year. 

The British Oxygen Co. Ltd., Lincoln 
Electric Co. Ltd., Philips Electrical Ltd., 
and Rowen-Arc (Division of Robery 
Owen & Co. Ltd.) were the companies 
who took part in the demonstrations. 


BRANCH NEWS 


At the February meeting of the 
Branch Mr. D. B. Tait presented a paper 
on “Economic aspects of various fusion 
welding processes”. He opened his talk 
by considering first the choice of par- 
ticular types of manual electrodes for 
specific applications. 


Fusion 
Welding Processes 


Horizontal-vertical fillet welding 


Normal class 2 rutile-type electrodes 
are usually employed for this position. 
But it is possible, by using a particular 
type of rutile electrode with a somewhat 
heavier covering (and thus about 5% 
more expensive) to obtain about 10% 
greater run length from the same length 
of electrode. Thus, by paying slightly 
more per thousand feet of electrodes, it 
is possible to make an overall saving in 
the cost per thousand feet of deposited 
weld metal. 

This saving can be taken one stage 
further by using rutile iron-powder elec- 
trodes in place of the standard rutile 
type. The notable decrease in welding 
time, apart from the saving in electrode 
costs, makes the extra individual cost of 
these electrodes well worth while. 


Vertical welding 

In this position a comparison was 
made, for butt welds, between normal 
rutile class 3 electrodes and class 1 elec- 
trodes welded vertically downwards. 
The cost of the cellulose electrode is 
slightly more than that of class 3 but, 
because smaller root gaps are needed, 
the reinforcement is much smaller, and 
back chipping for full root fusion can be 
eliminated, the overall cost of using the 
new technique is considerably less. 


Automatic welding processes 


A comparison was made between 
automatic welding and manual welding 
in terms of depositing 1 lb of weld metal 
as well as the completion of 1 ft of joint. 

On a weight basis automatic welding 
does not show to full advantage, for the 
greater penetration in this process 
means that less weld metal is in fact 
used. But on a more rational basis it can 
readily be shown that the use of auto- 
matic welding will give very high savings 
in welding costs, always assuming that 
there is sufficient output to utilise the 
machine to full advantage, and that 
jigging is provided to allow a high 
operating factor for the machine. 

Several slides were shown to illustrate 
how proper use of the process could lead 
to a very high output; for example, the 
automatic welding of fillets in the ship- 
yard, using a single-headed automatic 
machine, a twin-headed self-propelled 
machine, and finally a twin-headed 
gantry machine. This latter spans the 
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Automatic Grinding of Welds 
for X-ray Inspection 


The grinding of welds becomes a completely automatic process with the 
Thompson grinding head. This machine manufactured by Donald Ross 
& Partners Ltd., speedily removes excess weld overburden and provides 
a quality finish which is ideal for X-ray inspection purposes. The head 
will automatically grind both longitudinal and circumferential welds and 
it is mounted on a column and boom so that it can be used on both the 
internal and external seams of welded cylinders, boiler shells and pressure 
vessels, etc. The machine relieves up to four operators of the noisy and 
arduous task of manual grinding and requires only one semi-skilled work- 
man for its successful operation. The Thompson grinding head is fast, 
efficient and automatic. It is a modern machine which will save time, 
labour and money in addition to speeding up production. 


DONALD ROSS & PARTNERS LTD + Grawley + Sussex 








SPRITE BY SATURN 


The Sprite is a precision-built single stage regulator, made to the exacting standards of all Saturn 
equipment, and able to stand up to really rough handling. Maximum working pressures: 


OXYGEN 100 Ibs. p.s.i. 
ACETYLENE 15 Ibs. p.s.i. 
PROPANE 20 Ibs. p.s.i. 


The Saturn Sprite is piston-operated for trouble-free service and safety; quick and easy to operate. 


For equipment and gases and service—see Saturn! 


SATURN INDUSTRIAL GASES LIMITED 
‘Erl Wood’, Windlesham, Surrey 

Telephone: Bagshot 2441 

Branches : SOUTHALL, GLASGOW, ALDRIDGE, MANCHESTER 
LYMINGTON, SUNDERLAND, THORNABY-ON-TEES, SHEFFIELD. 
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whole working area and so gives high 
welding speeds and, with the correct 
shop operation, a duty cycle greater than 
75% (i.e. arc burning for 6 hr in an 8 hr 
shift). 

In the following discussion a large 
variety of questions were put to the 
author, who dealt with them very care- 
fully and capably. 

In proposing a vote of thanks, Mr. 
Seaton thanked Mr. Tait for the excel- 
lent paper and the slides that had been 
shown. 

H.S-C. 


Iron powder electrodes 


The lecture to the Branch on 14th 
February was given by Mr. A. B. 
Fielding, and was entitled “Some facts 
about iron powder electrodes’’. 

The author commenced by giving a 
brief history of the development of these 
electrodes, and cited instances to show 
that iron powder had been used in elec- 
trodes more than 25 years ago. 

The reasons for adding iron powder, 
to improve metal recovery, were out- 
lined and a slide illustrated the faster 
welding speed obtainable with this type 
of electrode. Further illustrations also 
indicated the importance of burn-off 
rate when calculating electrode effici- 
ency. A series of experiments was des- 
cribed which showed that the addition of 
iron powder did not necessarily give 
self-arcing and touch welding properties 
to the electrodes, and that the maximum 
amount of powder was governed largely 
by the welding characteristics required. 
With excess powder difficulties were 
encountered with the burn-off of the 
electrode, and the voltage across the arc 
was reduced to a level that was un- 
desirable for good welding. Mr. Fielding 
went on to describe seven different 
groups of iron-powder electrode, and 
these were further classified according to 
the main covering ingredients and iron- 
powder content, and were related to the 
appropriate classes in BS.1719. 

The effects of rapid cooling and weld- 
ing current on the ductility of weld 
metal deposited from iron-powder elec- 
trodes were discussed, and a slide was 
shown to indicate the effect of rapid 
cooling on the tendency of weld metal to 
fissuring. The better properties of 
hydrogen-controlled electrodes, under 
conditions of rapid cooling, were illus- 
trated by a test specifically designed to 
induce hydrogen embrittlement in the 
weld. With this test, basic low-hydrogen 
electrodes and hydrogen-controlled elec- 
trodes showed no tendency to fissure, 
whereas ordinary rutile iron-powder 
electrodes were very prone to the fault. 

Several tests were described to indi- 
cate that low-temperature ageing of weld 
metals raised the ductility of metal 
deposited from electrodes that were not 
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hydrogen-controlled, but this improve- 
ment was obtained only where fissuring 
had not been induced by a fast cooling 
rate. It was shown that heavily covered 
rutile electrodes of the iron-powder type 
could be used at very high currents 
without the weld metal ductility being 
impaired, provided that they were 
hydrogen-controlled. 

The last part of the lecture was con- 
cerned with the applications of iron- 
powder electrodes. The versatility of the 
low-hydrogen rutile type was illustrated 
by a wide variety of examples covering 
heavy plate welding, high carbon and 
higher sulphur steels, and galvanised 
steel. 

The advantageous features of the cell- 
ulose iron-powder electrodes were ex- 
plained, especially for the welding of oil 
storage tanks. By using this type of elec- 
trode tank builders have now eliminated 
the costly operation of back-chipping 
with resultant savings. These could not 
be claimed in the cost of welding, but 
there were many applications where 
actual savings could be achieved in spite 
of the higher initial cost of the elec- 
trodes. The greatest savings would 
appear on those applications that 
allowed a high operating factor, and 
particularly where labour and overhead 
charges were high. 


The Annual General Meeting of the 
Branch was held at the College of 
Science and Technology on Wednesday, 
5th April, 1961. 


H.R.C. 


A.G.M. 


Presentation of agold watch 
to Mr. A. J. Francis (right) 
by the President of the 
South Western Branch, 
Mr. G. R. Thomas. 
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After the formal business proceedings, 
during which members saw the new 
Chairman, Mr. S. Wilde, invested with 
his badge of office by the retiring Chair- 
man, Mr. E. H. Lee, guests joined in for 
the showing of three most interesting 
films: ‘The Dounreay Fast Reactor’’, 
“Refinery at Work”, and “‘The Port of 
Manchester’’. 

All members and friends were asked 
to note that lectures at future sessions 
will be held at the Manchester Literary 
and Philosophical Society’s new Lecture 
Hall, at 36 George Street, Manchester. 


A.C.M. 


The Branch Annual General Meeting 
was held at Radiant House, Bristol, on 
Monday, 10th April, 1961. 

The Chairman and Secretary present- 
ed their reports outlining the activities of 
the Branch during the 1960-1 session. 
Mr. K. H. McDowell then followed with 
his Treasurer’s report, from which it was 
encouraging to note the Branch’s 
current stable financial position. 

The retiring Chairman, Mr. T. M. B. 
Sessions, announced that he was leaving 
the West Country to take up a new 
appointment in the Midlands. He warm- 
ly thanked all concerned for their 
support during his term of office. He 
then relinquished office and handed over 
the duties of Chairman to Mr. G. R. 
Thomas. 

In a moving ceremony, the new chair- 
man presented the Branch President, 
Mr. A. J. Francis, with a gold watch 
inscribed with the words ‘“‘Presented to 


A.G.M. 
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A. J. Francis Esq. by the Institute of 
Welding South Western Branch Com- 
mittee 1961’. The presentation was 
made as a token of esteem for many 
years of devotion to the Institute’s 
interests. In reply, Mr. Francis thanked 
the Committee and recalled the struggle 
he had as founder member to form the 
Branch with 50 members, but was very 
pleased to note its present-day sound 
footing. 

The retiring Secretary, Mr. G. W. 
Rigby, who incidentally had done a 
first-class job in taking the photograph 
illustrated here, relinquished office, and 
the duties of Secretary were formally 
taken over by Mr. E. M. Wilson. 

The meeting was concluded by show- 
ing an excellent colour film entitled 
“Steel Rhythm” by courtesy of The 
United Steel Companies Ltd. 


It was a very great pleasure for many 
of the members present at the Branch 
meeting on 15th March to meet Mr. 
A. A. Smith once again and to hear such 
a very interesting talk on “The prospect 
for gas-shielded welding”’. 

Before opening his paper Mr. Smith 
told his audience that this was a very 
auspicious occasion for him, for it was 
in Wolverhampton that he struck his 
first arc, eight years ago, and that it was 
a great pleasure to be back among so 
many friends. 

Mr. Smith described the prospect for 
gas-shielded welding as very good, but 
before looking at the advances made 
with the process, a look in the past was 
needed to see what strides have been 
made. Such dates that come to mind are 
1802 when Humphrey Davy made the 
first arc; 1890, Slavinov produced coat- 
ings; 1938 saw the advent of automatic 
welding using a shroud of flux; and 
finally emerged the submerged-arc pro- 
cess. 

In 1942, in the U.S.A., and in 1945, in 
Great Britain, the inert-gas process was 
developed for magnesium using argon, 
and in 1948 the metal-arc shielded pro- 
cess was initiated. 

Mr. Smith felt these dates were the 
major break-through in this field in 
approx. 50 years. On the question of 
gas-shielded welding with only 10 years 
of technology behind it, the major 
break-through has been quite fantastic. 

Most of these processes are well 
known, but certain of them warrant 
discussion: Tungsten-arc welding is 
used for welding of magnesium and 
aluminium, and from this introduction 
came h.f. on a.c. power supply for re- 
ignition; surge injection; pilot arcs for 
automatic set-ups; and by far the most 
important, the constricted arc, whereby 
by constriction of the arc, and so form- 


E.M.W. 


Gas-shielded 
welding 
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ing a very narrow path, this could be 
used as a cutting process or also as a 
plating process tool, and it was this 
plasma jet or constricted arc which 
played such an important role in gas- 
shielded welding. 

Mr. Smith then went on to say that in 
the consumable electrode processes on 
aluminium, the constant potential power 
source gave much improved adjustment. 

He then went on to show, with the use 
of slides, the problem encountered when 
using high currents. Again the plasma 
jet was evident and gave rise to pucker- 
ing and blowing in the weld pool. 

Again with the use of slides, Mr. 
Smith showed his audience the effect of 
transfer of droplets per second using 
various combinations of shrouding 
gases and wires. From this it could be 
seen that with steel and CO, very low 
transfer was achieved, and by further 
reducing the voltage by short circuiting 
an arc was given which is now known as 
the dip-transfer technique. 

Further slides showed the effect on 
the current using a choke in series, so 
giving an inductance to the circuit. 

Concerning the future, the audience 
were shown, by the use of more slides, a 
series of automatic set-ups dealing with 
different components welded with the 
process. Fins were shown being welded 
by tungsten-arc spot welding, the whole 
operation being controlled from a-tape. 
Another set-up was the welding of a 
motor chassis in the three o’clock posi- 
tion giving self locating and positioning 
of the welding head through the 
medium of a probe. 

In conclusion, a high-speed film was 
shown of the behaviour of the arc using 
various conditions of control through 
current-voltage ranges, with or without 
induction, and one could clearly see what 
effect this had on the weld pool and 
ultimately on the finished weld. 

In opening the discussion, Mr. Tait 
put a series of questions to Mr. Smith. 
One of interest to many members 
present was “How are we to choose 
which process? Elaborating further, if 
the use of } in., 2 in., } in. plate is re- 
quired, do we choose the bare wire 
process or stick to the conventional type 
of process?” Mr. Tait asked the same 
question in relation to positional weld- 
ing. 

In reply, Mr. Smith was of the 
opinion that where heavier plate was 
used the process is developed such that 
economic advantages would be gained 
especially in the gravity position. For 
all-positional work, he was of the 
opinion that the barewire CO, process 
was the easiest to use, and would give 
economic savings in overall times, 
speeds, etc. 

Further questions were asked by a 
very appreciative audience, such as the 
hydrogen content of the filler wire and 
weld deposit, the effect of welding using 
this process at site and many others 


which were dealt with ably by Mr. 
Smith. 

In proposing a vote of thanks Mr. L. 
Morgan thanked the speaker for dealing 
with such a fascinating subject in such 
an able way, and hoped that it would not 
be very long before Mr. Smith would be 
with them again at Wolverhampton, to 
give them further news on the develop- 
ment which must surely come with this 
process. Mr. Baker seconded the vote 
of thanks. 

J.W.G. 


OTHER SOCIETIES 


Irish Welding Association 

The Management Committee of the 
Association for the session 1961-2, has 
been elected as follows: 


Chairman: Mr. W. Dresser (Arthur 
Guiness Son & Co. (Dublin) Ltd.) 


Hon. Secretary: Mr. W. Cronin (Elec- 
tricity Supply Board) 

Hon. Treasurer: Mr. S. Warnock Aitkin 
(Industrial Gases (1.F.S.) Ltd.) 


Members: 

Mr. S. J. McGloughlin (J. & C. Mc- 
Gloughlin Ltd.) 

Mr. T. W. Bamford (Universal Fabri- 
cators Ltd.) 

Mr. B. G. Cantwell (Unidare Ltd.) 

Mr. J. C. Costello, B.Sc. 

Mr. J. D. Barry (College of Technology, 
Dublin) 

Mr. P. Donegan (National Engineering 
Union) 

Mr. H. Munroe (Varming & Mulcahy). 


Institution of Metallurgists 


At the Annual Luncheon of the 
Institution of Metallurgists, at the Park 
Lane Hotel, on 17th May, the President, 
Dr. N. P. Allen, announced the success- 
ful conclusion of the movement for the 
closer co-operation of the Institution 
with the Institute of Metals and the 
Iron and Steel Institute. 

Dr. Allen was in the chair and 
responded to the toast of “The Institu- 
tion”, which was proposed by Sir 
Patrick Linstead, O.B.E., F.R.S. The 
toast of ‘““‘The Guests” was proposed by 
Dr. E. G. West, and the reply was made 
by Sir William Cook, C.B. 


Co-operation between Metallurgical 
Societies 

The Councils of the Iron and Steel 
Institute, the Institute of Metals and 
the Institution of Metallurgists have 
recently examined the problems of 
closer co-operation between the three 
societies. After careful consideration 
they have concluded that amalgamation 
would not be practicable within the 
foreseeable future. The three Councils 
therefore decided to set up a permanent 
Joint Consultative Committee of the 
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three societies which will meet regularly 
and advise their Councils on all activities 
and questions of common interest. 

The three Councils are convinced 
that every qualified metallurgist should 
be a Member both of the professional 
institution and of his appropriate 
scientific and technical institute, and 
should contribute to and influence the 
work of both. With this in view. the 
Council of The Institution of Metallur- 
gists has altered the Standard Subscrip- 
tions payable by Members, Enrolled 
Graduates, and Enrolled Students of the 
Institution resident in the United King- 
dom; by agreement of the three Councils 
all those in The Institution of Metallur- 
gists who pay these revised Standard 
Subscriptions will automatically have 
the right to apply for Membership of 
one of the two Institutes without liabili- 
ty for the payment of a further Member- 
ship subscription to that Institute. 

Full details are contained in The 
Metallurgist, vol. 1, No. 8, March 1961, 
published by The Institution of Metal- 
lurgists. 


NEWS FROM INDUSTRY 


Computer controlled cutting 


The second ‘Eagle’ computer-con- 
trolled gas cutting machine (see BWJ, 
Feb. 1961, p.72) has successfully com- 
pleted its acceptance trials at the 
Edmonton Works of The British Oxygen 
Co. Ltd., and will now be installed at the 
Barrow Yard of Vickers-Armstrong 
(Shipbuilders) Ltd. for commissioning 
trials. 

The machine is a double-headed pre- 
cision profiling cutter with all opera- 
tions controlled from a programmed 
magnetic tape. It can cut simultaneously 
two plates each up to 40 ft long, 12 ft 
wide, and 3 in. thick. 


Press collaboration 


A new jointly owned British Com- 
pany, Schuler Presses Ltd., has been 
formed by Wickman Ltd., Coventry, 
and L. Schuler A.G., Goeppingen, 
Germany. 

Its object is to establish the manufac- 
ture of certain Schuler presses in the 
U.K. and to provide a British-based 
engineering and after-sales service to all 
Schuler press users. 

Wickman Ltd. will act as exclusive 
sales representatives for the range of 
Schuler presses. 


BEAMA Presentation 


At a recent luncheon of the BEAMA 
Arc Welding Electrode Section, Mr. 
W. W. Watt, C.B.E., was presented with 
a Persian carpet to mark his service to the 
industry, particularly as the Chairman 
of the Section since its formation in 
1939. The luncheon was presided over 
by Mr. L. A. Lidstone, who took over 
the Chairmanship of the Section from 


NEWS AND ANNOUNCEMENTS 


Mr. Watt in 1960, and guests included 
Sir Charles Lillicrap, K.C.B., M.B.E., 
President of BWRA, Sir Leslie Robin- 
son, K.B.E., C.B., of the Board of 
Trade, and Mr. J. Turnbull, C.B.E., of 
Lloyd’s Register of Shipping. 

Mr. Watt who was Managing Direc- 
tor of BOC from 1937 to 1956, was 
President of the Institute of Welding in 
1941, and in the following year was 
appointed President of the British 
Acetylene Association. 


“O for Oxygen” 


To mark the occasion of the 75th 
anniversary of The British Oxygen Com- 
pany Ltd. a film has been made to show 
the development and wide applications 
of oxygen. 

The film, in colour, and made by 
World Wide Pictures Ltd., runs for 23 
minutes, and contains many interesting 
examples of the use of oxygen and other 
atmospheric gases in welding. 

Branch Secretaries will be interested 
to learn that copies of the film in 16 mm 
and 35 mm will soon be available on 
free loan from BOC to schools, colleges 
and similar organisations. 


Industrial Finishes 


At one of the technical sessions of the 
Industrial Finishes Convention, held at 
Earl’s Court in May in conjunction with 
the first Industrial Finishes Exhibition, 
two papers on metal spraying were pre- 
sented under the Chairmanship of Mr. 
H. W. Fender, of the Metal and Plastic 
Coatings Association. 

They were: “Meta! spraying for 
finishing preparatory treatments’, by 
J. F. Stanners (BISRA); and “Painting 
of sprayed metal coatings’, by Dr. L. 
Valentine (Paint Research Station). 


Magnetic crack detection inks 


A new range of inks and powders for 
magnetic crack detection has been pro- 
duced by Southern Tools Ltd., Cheam, 
Surrey. Black/grey high sensitivity ink 
contrasts well on both bright and black 
surfaces. A fluorescent ink gives a clear 
bright glow in u.v. light. 

The range includes three powders: 
black, grey, and copper red. 


Intermittent spot welding 


Where spot welds are pitched at inter- 
vals along sheet seams it is usual for 
the operator to judge the correct inter- 
vals and to move the sheets manually in 
a normal spot welder. 

To increase the speed of production 
and to provide more accurate spacing 
for this type of work Siemens-Schuckert 
(Gt. Britain) Ltd. have evolved a tech- 
nique for adapting their seam welding 
machines to do this work. 

The machine electrode wheels are 
rotated intermittently, the variable- 
speed-ratio gearbox normally fitted 
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being adjusted to a high rate to give fast 
movement of the material between spot 
welds. An electro-magnetic clutch is 
interposed between this motor and the 
wheel, declutched when the weld is re- 
quired and re-engaged to the drive motor 
to move the material at a fast rate up to 
the next welding position. A timer is in- 
corporated to give a delay between the 
de-energising of the clutch and the weld 
to ensure that the wheels stop during the 
welding operation. On two 16s.w.g. mild 
steel sheets the effective overall speed 
with 2 in. spacing was approximately 
18 ft/min. whilst with 3 in. spacing an 
effective speed of over 22 ft/min was 
obtained. On a production job, in a spot 
welder, with pitching at 6 in. controlled 
manually, the speed was only 12 ft/min. 

This system of operation is the subject 
of a Patent Application. 


Liquid gas plant 

A new plant for producing liquid 
hydrogen and liquid helium is now in 
service at the British Oxygen Scientific 
Division, Morden, Surrey. It will help 
the Division to meet the rising demand 
from industry and research bodies for 
these liquefied gases. 

The first plants in the U.K. for pro- 
ducing liquid hydrogen and liquid he- 
lium on a commercial basis began 
operating at Morden during last year. 


STUB ENDS 


>The offices of the Midland Branch of 
Teleflex Products Ltd. are now at 
Lichfields House, Ringway Centre, 
Birmingham. The Teleflex Group have 
recently incorporated the Conveyor 
Construction & Engineering Co. Ltd. 
of Eastbourne. 


> Weldcraft Ltd., Slough, have appoint- 
ed Hilarius, Draadindustrie en Handel- 
maatschappy, Haarlem, as their Agents 
in the Netherlands for the Gasfluxer 
process. 


p> Mr. H. T. Jenkins has been appointed 
Technical Director, and Mr. J.S. Waring 
Production Director of Robert Jenkins 
& Co. Ltd., Rotherham. 


p> The Council of the Electrical Research 
Association has elected Mr. L. Rother- 
ham (Central Electricity Generating 
Board) as Chairman for 1961-2, and 
Mr. S. E. Goodall (A.E.I. (Woolwich) 
Ltd.) as Vice-Chairman. 


CORRECTION 


Welded Maidenhead Bridge 


It has been pointed out that the 
protective treatment given to the steel- 
work of this bridge (see BWJ, June 
1961, p.300) was three coats of white 
Phenolic paint. 
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WELDING LITERATURE 


Book Reviews 


i 


Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 
from other journals and short notes are generally exclud- 
ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


Canadian Welder, 1961, vol. 52, March 


Oxy-propane brazing with flux injection, S. Smith (10-12) 
Pipeline welder training programme, W. L. Daniels (14-17) 


Motor-generator sets as power sources for automatic welding, 
W. F. Auld (18-19) 


International Welding, 1961, vol. 1, No. 1, Spring 


Reports on fatigue failures (1s—16s) 
Enquiry on fatigue failures, I1W Commission XIII (16s) 
Reports of Commissions— 1960. I-VII (17s—28s) 


La Saldatura Autogena (Milan), 1961, vol. 42, Jan- 
uary-February 
Welded bridge. Part 1 (4-16) 


Welding in the manufacture of machines and particularly of 
machine tools (20—23) 


Journal of the Japan Welding Society, 1961, vol. 30, 
No. 2 
Fundamental studies and industrial practice in cold pressure 
welding, T. Saito and K. Yamaji (2-11) 
A study of cracking in the weld zone of 50 kg/mm* class high 
tensile steels, S. Ando and S. Mori (25-34) 
Welding conditions of CO,-O, arc welding. Report 2. Rela- 
tionship between welding conditions and deposition efficiency, 
H. Sekiguchi and I. Masumoto (35-39) 
The properties of the oxy-acetylene flame. Report 5. Composi- 
tion of combustion gas, |. Onishi and others (40-45) 
Argon-hydrogen arc cutting, T. Ikkai and F. Watanabe (46-51) 
Carbon dioxide shielded metal arc welding with steel electrode 
containing aluminium, S. Morita and others (52-57) 


Research on welding stress. Report 1. The generation process 
of welding strains, H. Mikashima and S. Mukai (58-62) 






























































Lastechniek (Netherlands), 1961, vol. 27, February 


Autogenous welding of roncagy (27-29; 32-33) 


Some new welding processes. 2. Welding with the electronic 
gun, G. van Schatk Zillesen (33- 34) 


Fabricating milk cans, F. Loos (34-36) 


Oerlikon Schweissmitteilungen (Zurich), 1961, vol. 19, 
No. 41 


Solving the safety problems in maintenance welding in atomic 
energy plant, E. B. Lavelle and R. H. Scott (9-21) 


Rivista Italiana della Saldatura, 1961, vol. 13, Jan- 
uary-February 
Brittle fracture in steel considered from the builder's point of 
view, U. Guerrera (3-9) 


Report on the work of the Technical Commissions of the Inter- 
national Institute of Welding (16-28) 


Schweissen und Schneiden (Germany), 1961, vol. 13, 
April 
Tension shear forces obtainable in the spot welding of carbon 


steel, in sheet thicknesses up to 6 mm, O. Becken and K. 
Havers (127-135) 


Influence values, quality and strength in resistance spot welding, 
W. Glage (135-139) 


Metallurgy of electrodes for arc welding, P. E. Wimmer (140- 
146) 
Projection welding reduces production times, E. A. Otto (146—- 
151) 


Progress of welding technique in the U.S.A., K. L. Zeyen (152- 
159) 


Root welding of heavy duty pipes in low and high alloy steels, 
R. Faulstich (160-165) 


Schweisstechnik (Berlin), 1961, vol. 11, March 
Building-up by automatic welding of working parts in lignite 
mining, K. Muller (97-100) 

Economical application of oxy-acetylene welding to cast iron 
repairs, F. Wuttke (100-106) 

Hard-facing by thermit welding of parts subjected to abrasion, 
W. Novak (106-108) 

Large scale repair welding in the reconstruction of the Pump- 
speicherwerk Hohenwarte I, W. Fritzsche (109-118) 

Hard facing of tools, R. Walther (118-121) 

Incorrect execution of a pressure vessel assembly causes 
repairing, A. Bock (122-126) 

Building-up of rails by submerged-arc welding with alloying 
flux, A. Missikewitsch (127-130) 

The production of pipes for the oil pipeline USSR-PR Poland 
in ow = Rohrleitungsbau Bitterfeld, R. Kind and others 
(132-134) 
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NEW ALL-PURPOSE GENERATOR 
RIGHT FOR ANY 








For site and ship welding—anywhere, everywhere—this new BOC Quasi-Arc range of D.C. welding sets 
(using high speed FB 225 generator) gives outstanding advantages at extremely low cost. 

Being small in size and light in weight it is easily portable yet has excellent welding characteristics (max. 
current 225 amps) Provision is made for an auxiliary supply (40v 10a) for electric tools or emergency 
lighting—plus a power take-off for flexible drive tools. 


S£ MFB 225— motor generator set (3 phase, 50 3 PIB 200 petrol engine set (J.A.P. 2-cyl air-cooled)— 
cycle, 380/440 volt) max welding current 200 amp. 

sé DFB 225 — Versatile diesel powered set foron- 2 8 225—a go-anywhere generator for belt drive 
the-site use (Petter 3-cylinder air cooled engine (15 bhp at 3,000 rpm). Ideal for fitting to vehicle — 
fitted with electric starting). e.g. Land Rover, Austin Gipsy, Tractors. 


Read all about this cost-saving range in our Technical Circular 130. Write for free copy to: 
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Electric Welding Department, Quasi-Arc Works, Bilston, Staffs. Telephone: Bilston 41191 
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ONE MACHINE 


... for ALL manual arc welding applications 


IDEALARC TIG 


TRAGE MARK 


... for large or small jobs... for use with inert gas 
and stick electrode... AC and DC welding current. 


At jast, here is a welder which gives complete 
versatility to maintenance-welding departments 
or to jeb shop operations. The “#DEALARC” 
TiG, equipped with high-frequency and water gas 


te AC HIGH FREQUENCY FOR TUNGSTEN INERT GAS 
he «AG FOR MANUAL ELECTRODES 


controls can be used for welding staintess or 
aluminium. With just a flick of the switch, the 
same machine can do production welding on 
either AC or DC. 


te BC HIGH FREQUENCY FOR TUNGSTEN INERT GAS 
te (DG FOR MANUAL ELECTRODES 


te REMOTE CONTROL 10 SAVE TIME ye DE FILTER FOR SUPERIOR AC HIGH FREQUENCY QPERATION 


Por further detaits write to 


THE LINGOLN ELECTRIC COMPANY - CLEVELAND - OHIO - USA 


the world’s largest makers of arc welding equipment 














Schweisstechnik (Vienna), 1961, vol. 15, April 


Three phase plant for resistance welding, H. U. Neidhardt 
(37-43) 


Submerged arc welding of large diameter piping, Dr. Mennen 
(43-46) 


Effect of higher frequencies in arc welding (46) 


Sveiseteknikk (Oslo), 1961, vol. 16, March 


Metallizing guns and their applications, S. B. Giersten (1-7) 
Welding of corrosion-resisting steel pipe, R. H. Sovik (8-10) 


Welding Design and Fabrication (U.S.A.), 1960, vol. 
33, August 
Welded highway bridges ... are the figures as good as they 
look? (23-26) 
Blanket braze dished honeycomb panels (29) 


as y welding arcs? Use only 10 power sources, H. Lefer 
( 


The impact of cryogenics on the welding industry (36-37) 
Structural welding is 17 percent cheaper than bolting (44-46) 





Welding Design and Fabrication (U.S.A.), 1960, vol. 33, 
September 


Will aluminium replace steel in welded freight cars? (36-38) 


Automatic brazing for uniformity and production, C. S. 
Whitaker (39) 


Techniques for fabricating and welding the Titan missile (42-43) 
How to weld boron stainless steel without cracks or distortion, 
J. Potochnik (44-45) 

Design special columns and girders for welded skyscraper, 
P. Drier (46-47) 

Arc gouging stainless steel welds cuts rework time 93 percent 
(52-55) 

The metal fabricating processes. Part I. Shearing and forming 
(57-65) 





Welding Design and Fabrication (U.S.A.), 1960, vol. 33, 
October 
The newest ways to cut and join magnesium, T. L. Patton (39, 
41) 
Techniques for fabricating and welding clad steels thicker than 
2 inches, A. Hoersch (42-43; 74) 


Five ways you can improve the quality of your spot welding 
(44-45; 74) 


Heat exchanger tube welds are radiographically sound (46-47) 


What we now know about electron beam welding, D. N. 
Reece (52-53; 76) 

The metal fabricating processes. Part 2. Mechanical cutting; 
arc and fiame cutting and gouging; pipe cutting and beveling 
(57-72) 


Welding Design and Fabrication (U.S.A.), 1960, vol. 33, 
November 
Does a radiographed vessel cost more to build than one that 
isn’t? R. Chuse (31-32) 
Spot welding is the key to reliable miniaturized electronic 
parts (34-35; 51) 
Leak-free welds are the key to world’s largest stainless steel 
spheres (38-39; 40) 
Sea will see more aluminium boats (43) 
How to make welding hose and cable last longer (44-45) 


Why have fabricated turbine runners replaced one-piece 
castings? C. R. Frounfelker (48; 50) 


Why Martin brazes in a vacuum furnace, M . Schwartz (52; 54) 












Welding Design and Fabrication (U.S.A.), 1960, vol. 33, 
December 


Positioning /Handling ideas (33-36) 
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Cut dished stainless steel heads with the tungsten arc process 
(40-41) 

How Republic Steel rates nondestructive tests, W. A. Black 
(42-44) 

How to design a welded roll (47-49) 

Metallizing protects conduit, boosts sales (50, 54) 

Why stress relieve cryogenic vessels made from 9°, nickel 
steels? (57-59) 

Automatic line combines resistance welding with forming and 
piercing, T. C. Falter (62-64) 


Welding Design and Fabrication (U.S.A.), 1961, vol. 34, 
January 


Do welding users want price or performance in 1961 (31-33) 


Weld metal has excellent properties! Are you using them? (34— 
35) 

How to weld the cobalt alloys, W. J. Lepkowski and R. E. 
Monroe (37, 39) 


Techniques for fabricating and welding aluminium tank cars, 
J. F. O’Connell (52-55) 


Techniques for faster, cheaper welding of heavy aluminium 
plate (56-57) 

Punched tape whisks 27,000 spotwelds into position (S8—59) 
Filler wire is key to new CO, spray arc welding process, 
C. R. Sibley (60; 62-63) 

Four methods for brazing B-70 stainless honeycombs (64-65) 


Welding Design and Fabrication (U.S.A.), 1961, vol. 34, 
February 


Automatic welding: better tanks with half the work, J. Devoldre 
(50-51) 

Welded aluminium suits sonar (55-56) 

Best bet for silver brazing: a narrow gap (60, 62) 

Will explosive welding be the newest metal joining process? 
(63) 

New semi-automatic arc welding process speeds mild steel 
fabrication (64-65) 


Welding Design and Fabrication (U.S.A.), 1961, vol. 34 
March 


Automatic drilling and welding speed bridge fabrication (30-31) 
Guide to major welding specifications and codes (36-38) 
Graphite cloth speeds honeycomb brazing (40; 48) 

We can predict spot weld strength, W. A. Soward (45-46) 
Ultrasonic testing (54-55) 

Radiographic inspection (56-61) 

Penetrant inspection (62) 

Magnetic particle inspection (66) 


Welding Engineer (U.S.A.), 1961, vol. 46, March 


Fabrication of nuclear piping demands revised welding pro- 
cedures, R. H. Hoefler (25-26) 

Fiber metallurgy promises greater efficiency in resistance 
welding, H. Schwartzbart (27-29) 

Steel island is $30 million sulphur mine, T. Anderson and 
E. L. Trimble (30-31) 

Navy welding school takes its first steps into the nuclear age, 
J. Hurlburt (32-33) 

Proper welding saves thousands of dollars for the Ford Motor 
Co., F. T. Tancula (34-36) 

Production line practices speed heavy equipment fabrication 
(38-40) 


Welding Engineer (U.S.A.), 1961, vol. 46, April 


Tests prove 9°% nickel steel meets requirements for cryogenic 
service (46-47) 

Thin-metals percussive welded without marring or distortion, 
Cc. A. Gunn (48-49) 
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How to evaluate shrink and draw stains, N. S. Hodska (50- 
52) 


Welding aids plastic industry, A. W. Anderson and M. J. 
Quigley (58) 

Reactive metal tubing is Tig welded on a production basis 
(60, 62) 

Welding HY-80. Survey of notch tough steels shows fabrication 
problems, T. J. Dawson (75-76, 78) 

Welded saw blade joints must meet rigid specifications, F. B. 
Jacob (80, 82) 

Nickel-silver brazing solves stapling machine production 
problems, J. Poulson (88, 90) 


Welding Fabrication and Design (Australia), 1961, 
vol 4, March 


Some recent developments in shipbuilding overseas. Paper I, 
R. Hawke (5-7) 

Some recent developments in shipbuilding overseas. Paper II, 
1. Butler (8-12) 

Roll wobbler reconditioning (17-18) 


Other Journals 


Model methods, with particular reference to three recent 
applications in the fields of steel, composite and concrete 
construction, S. R. Sparkes and J. C. Chapman (Structural 
Engineer, 1961, vol. 39, March, pp. 85-99) 

Aluminium for heat protective armour, C. H. Neukirchen 
(Light Metals, 1961, vol. 24, March, pp. 68-69) 

Reactor gets repair-free welds. Alumini gnesi alloy 
meets weldability needs (/Jron Age (U.S.A.), 1961, vol. 187, 
February 16, pp. 106-107) 

The mechanism of stress corrosion in a ~<a aluminium- 
zinc-magnesium alloy, E. N. Pugh and W . D. Jones 
(Metallurgia, 1961, vol. 63, January, pp. 3- 6) 

Physical properties and constitution of liquid slags, B. T. 
Bradbury and D. J. Williams (Metallurgia, 1961, vol. 63, 
January, pp. 19-24) 

High tensile steel girders for Melbourne Bridge (Australian 
Mechanical Engineering, 1961, vol. 48, January 5, pp. 23-26) 
Ryan dotwelds through thick and thin (Sree/ (U.S.A.), 1961, 
vol. 148, February 27, p. 126) 

Engineers come to grips with weld distortion (/ron Age (U.S.A.) 
1961, vol. 187, February 23, pp. 104-106) 

Planning for nondestructive testing by use of radiation, F. S. 
Sutherland (Machine Production (Canada), 1961, vol. 20, 
February, pp. 26-29) 

Aluminium and its alloys in 1960. Some aspects of research 
and technical progress reported, E. Elliott (Metallurgia, 1961, 
vol. 63, February, pp. 65-70) 

Armoured conveyor production at Butterley (/ron and Steel, 
1961, vol. 34, April, pp. 147-148) 

Selecting a power source for arc welding, J. E. Hinkel (Mach- 
inery Lloyd, 1961, vol. 33, March 25, pp. 21-22) 

Resistance butt-welding of steel wires, particularly of wires 
having a high content of carbon, H. J. Bockenhoff (Stahl und 
Eisen (Germany), 1961, vol. 81, March 16, pp. 337-349) 
Industrial noise hazards and their prevention, D. E. Hickish 
(Journal of the Institution of Electrical Engineers, 1961, 
vol. 7, March, pp. 151-155) 

Electroslag welding (Maskin Industrien (Denmark), 1961, 
vol. 12, February 28, pp. 140-143) 

Silicon in steel (Mechanical World, 1961, vol. 141, February, 
pp. 53-54) 

Continuous cooling transformation diagrams of steels for 
welding and their applications, M. Inagaki and H. Sekiguchi 
(Transactions of the National Research Institute for Metals 
(Japan), 1960, vol. 2, No. 2, pp. 102-125) 

Electroslag welding. Part 2 (Maskin Industrien (Denmark), 
1961, vol. 12, March 15, pp. 191-192) 

An introduction to the problems of metal fatigue, G. M. 
Astles (Engineering Materials and Design, 1961, vol. 4, 
April, pp. 212-216) 





Testing honeycomb for fatigue (Engineering Materials and 
Design, 1961, vol. 4, April, p. 239) 

A simple test for open face honeycomb (Sfee/ (U.S.A.), 1961, 
vol. 148, March 13, pp. 132) 

Electron beam weld shows light touch (Stee/ (U.S.A.), 1961, 
vol. 148, March 13, p. 135) 

Rotating unit welds pipeline (Jron Age (U.S.A.), 1961, vol. 187, 
March 9, p. 95) 

Chemical machining (Aircraft Production, 1961, vol 23, April, 
pp. 138-i41) 


Precision orbital welding (Aircraft Production, 1961, vol. 23, 
April, p. 141) 


The silicon controlled rectifier, A. J. Sadler and P. A. Turner 
(A.E.1. Engineering, 1961, vol. 1, March, pp. 124-130) 
Fatigue strength of marine shafting, G. P. Smedley and B. K. 
Batten (Transactions of the North East Coast Institution of 
Engineers and Shipbuilders, 1961, vol. 77, March, pp. 293-301) 
The world’s longest submarine aquaduct, ingenious methods 
and equipment used for making and laying a 14} mile undersea 
pipeline (Pipes and Pipelines, 1961, vol. 6, March, pp. 45-48) 
Plastic pipe (Pipes and Pipelines, 1961, vol. 6, March, pp. 49- 
52) 


Developments in the use of plastic drainage pipe in the Nether- 
lands (Pipes and Pipelines, 1961, vol. 6, March, pp. 53-55) 
Survey of present day ultrasonic equipment, C. A. Meadows 
(British Journal of Non-Destructive Testing, 1961, vol. 3, 
March, pp. 2-10) 

The inspection of pressure components intended for nuclear 
service, J. A. Frew (British Journal of Non-Destructive Test 
ing, 1961, vol. 3, March, pp. 10-13) 

Some non-destructive methods of determining the properties 
of materials and structures, A. E. Cawkell (British Journal of 
Non-Destructive Testing, 1961, vol. 3, March, pp. 14-26) 
The trends in ultrasonic development, J. Krautkramer (British 
Journal of Non-Destructive Testing, 1961, vol. 3, March, 
pp. 26-32) 

Some problems in shipbreaking, M. Wilkinson (Transactions 
of the Institution of Engineers and Shipbuilders in Scotland, 
1961, vol. 104, Part 4, pp. 187-204) 

Properties and theory of the electric arc. A review of progress, 
H. Edels (Proceedings of the Institution of Electrical Engineers, 
Part A. Power Engineering, 1961, vol. 108, February, pp. 55-69) 
Recent research on fatigue in metals, P. G. Forrest (Chartered 
Mechanical Engineer, 1961, vol. 8, March, pp. 148-157) 
Up-to-date argon arc welding plant and its applications, 
C. Holmstrom (Aga Svetsning (Sweden), 1961, No. 1, pp. 1-5) 
Building-up by hardfacing, Part 2 (Aga Svetsning (Sweden), 
1961, No. 1, pp. 7-12) 

Welded surface plates, A. H. Kleinsorge (Mechanical Engin- 
eering (U.S.A.), 1961, vol. 83, March, pp. 52-54) 

Welding of thermopiastics (Engineering Materials and Design, 
1961, vol. 4, March, p. 155) 

Welding meets challenge of space age metals, R. R. Irving 
(Iron Age (U.S.A.), 1961, vol. 187, April 6, pp. 99-106) 
Beryllium bolts gain strength (/ron Age (U.S.A.), 1961, 
vol. 187, April 6, p. 107) 

Can uranium improve steel? S. L. Gertsman (/ron Age (U.S.A.), 
1961, vol. 187, April 6, pp. 110-111) 

Immersion tests reduce waste (/ron Age(U.S.A.), 1961, vol. 187, 
April 6, p. 112) 

Welding in nuclear engineering (Nuclear Engineering, 1961, 
vol. 6, May, p. 177) 

Tube-to-tube plate connections, S. E. Gallant (Nuclear Engin- 
eering, 1961, vol. 6, May, pp. i87- 188) 

Welding stainless steels, M. C. T. Bystram (Nuclear Engineer- 
ing, 1961, vol. 6, May, pp. 193-198) 


BOOKS AND PAMPHLETS 


Ciark, James G. Welded interstate highway bridges. Cleveland, 
Ohio, James F. Lincoln Arc Welding Foundation, 1960. 
(Price $2.50) 


CARLIN, BENSON. Ultrasonics. 2nd ed. London, McGraw-Hill 
Book Company Inc., 1960.’ Price £4 10s.) 
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° . . Wiggin High-Wicke! Misys 
This handbook is essential 





To: Henry Wiggin & Company Limited, Wiggin Street, Birmingham 16 
Please send me without charge a copy of your new publication :— 


‘WELDING, BRAZING AND SOLDERING OF WIGGIN 


This new 86-page publication provides you with the HIGH-NICKEL ALLOYS’ 


most up-to-date data for guidance in joining Wiggin 
High-Nickel Alloys:—Oxy-acetylene, Metal-arc, NAME 
Argon-arc, Resistance and Flash-butt welding. It 
also contains sections dealing with the welding of 























APPOINTMENT OR DEPT. 
dissimilar metals and on the lining of vessels. 
COMPANY AND ADDRESS. 
SW IT 1335/7 
a HENRY WIGGIN & COMPANY LIMITED, WIGGIN STREET, BIRMINGHAM 16 
TGA M33A 
JULY, 1961 29 








THICK PLATE RADIOGRAPHY AND MOBILITY 


Pantak proudly introduce the 
Siemens 18 MeV Mobile 
Betatron. This new industrial 
radiography unit makes it 
possible for the first time to 
examine on site thicknesses of 
mild steel up to 12 in. In 
addition its ultra fine focus 
(0-3 mm.) results in sensitivities 
unobtainable with conventional 
equipment and enables the 
Betatron to be used for 
enlargement radiography — a 
combined Pantak/Siemens 
development which makes 
crack detection in thick welds 
entirely practicable. Please 
write for full details and reports 
of practical tests carried out 
on specimen welds. 


_ ses 


for STRENGTH 
and ACCURACY use You never see a prima donna 


STAR QUALITY PLATENS re gewens 
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h Lo 
Ne €> id A wide range of quality 
aN industrial Gloves, Mitts, 
_—— i a. Aprons, and Clothing in 
mL leather, rubber, asbes- 
g NE tos, plastic and various 
Z ve) fabric materials are 
i CN, made and stocked for 
Za: a ‘ all trades and pro- 


“: ——.— . 

i aN PSE cesses. Technical 
7 y Representatives are 

available for consulta- 


——" 
SS tion in all parts of the 
\ — British Isles at short 
“ notice 
% Made from fine-grained high quality grey iron cast in a 


modern foundry under strictly controlled conditions. come b ut operat i ves 


Each tee slot checked for truth before despatch. 


. High class machining on top face to -005”. Ss j n g t h e j r p rai ses ! 
* 
* 





At no extra cost you get all these features:— 


Levelling screws and foundation bolts supplied with 


each platen. 
Cut-outs (if required) at slot intersections for the easy BENNETT'S 
insertion of tee bolts when platens are set flush 


with floor level. INDUSTRIAL GLOVES 


Wide Range of Sizes — Quantity Discounts — Good Delivery 











Made up to a standard — not down to a price! H. G. BENNETT & CO. (Gloves) LTD. 
Industrial Glove Specialists 
COURTBURN POSITIONERS LTD. 
(OURTBURDY Serer vere tomrnee nari LIVERPOOL 23" OREat Crosby 396/ 
Sureiies tiwites Bedford Telephone: KEMpston 2341 evs-17 (C) 
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FOR PROJECTION WELDING 
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PRODUCTION. 





the popular THS 201 type 
in 55 regular STOCK sizes 






3” to 2": 5 diameters in 
UNC. UNF. 2BA. BSF. WHIT. 


Deliveries also offered in 
15000/up Lots of Type THS 201A. 





DERITEND 
BIRMINGHAM |2 @ 


JULY, 1961 














Wire 
for the 
welding 
industry 





VYlolu sons. 





WIRE FOR ELECTRODES 


Richard Johnson & Nephew Ltd ~ Manchester 11 
Tel.: EAST 1431 
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The illustration shows 
a BRAUER ‘Quick-Action’ 
TOGGLE CLAMP Type 
TC.62 being used to meet 
the requirements of efficient 
induction brazing — quick 
positive clamping and instant releasing — at Radio Heaters 
Ltd., Wokingham. 

This brazing fixture incorporating a BRAUER Clamp 
has achieved considerable saving of time and money in 
the production of meter cases (see inset photograph). 





SS 





Send now for illustrated catalogue and 
technical data to Dept. 28. 


F. BRAUER LIMITED 
HARPENDEN - HERTS. 


Telephone: Harpenden 3603 
Member of the Cope Allman Group 


jl Makers of Europe’s largest range of Toggle Clamps. 



















CTORED ENERGY 


CAPACITOR DISCHARGE 


WELD CONTROLLER 


The Stored Energy Capacitor Discharge 
Controller delivers a precise amount of power to 
the welding electrodes regardless of mains fluctua- 
tion. Energy is stored in capacitors which are 
charged from a built-in stabilised DC supply. 
This DC supply is infinitely variable for weld 
power control and each setting can be reproduced 
within the limits of 1.5%. 

Extremely short weld times are available—15 milli- 
seconds max. and 3 milliseconds min. 
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‘Hinged book’ 
construction for | 
easy servicing. 


Write for leaflet. 
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PEETE ETT TATA 
HIRST ELECTRONIC LTD. 


GATWICK ROAD, CRAWLEY, SUSSEX 
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. COOPER 

- ELECTROHEAT 
e OFFERS YOUe 

* e 

* te 

> 


@ A contract service in the preheat, or stress relief, 
of reactor pressure vessels, heat exchangers, class 
1 vessels, piping, steam drums, headers, down- 
comers, submarine shells, ship’s high tensile lifting 
derricks, ducting, ship’s stern frames, vessel re- 
pairs, nozzles, branches and all complex fabrications. 


Low cost electric furnaces, of Cooper Top Hat type, 
to stress relieve your fabrications. 


@ Large, panel type, electric furnaces to cope with 
stress relief of nuclear heat exchangers and similar 
sized pressure vessels. 


@ Easy-fit electrical elements for all industrial appli- 
cations. 


16 pp. handbook on request. 
COOPER ELECTROHEAT LIMITED 
164 LORD STREET SOUTHPORT LANCS _— Southport 2062 
BRITISH WELDING JOURNAL 
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TIRED EYES 


the hidden hazard in the factory 


Accidents can happen through a moment's care- 
lessness due to eye fatigue. The effects of over- 
concentration, bad lighting, dust and fumes can 
readily be relieved by the regular use of Optrex. 
Make sure your surgery or first aid room has 
ample supplies available to workers. 


Free Sample Offer 


On application (letterheading please) we will be 
glad to send you a free sample of Optrex eye 
lotion together with two interesting booklets 
about the care and treatment of eyes. 


0 ptrex the eye lotion 


Optrex Ltd 
Wadsworth Road Perivale Middx 





LC WELDERS FoR HIRE 


MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON N.15 


RING TOTTENHAM 040! 
dm M0107// 
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cleans 
STAINLESS STEEL WELDS 


efficiently, safely, economically 


TRIAL SIZE BOTTLE 6/6 post free 


NORTH HILL PLASTICS LIMITED 
Manley Court, London N.16. STA 3773 











“EDEL” HAND LEVER 12-STATION 
TURRET PUNCH for sale. On cast iron 
legs. , Complete with punches and dies, 
Os Os Bees Bete ese ee 
diameter. 1” square and 2” square with 
strippers. Maximum pressure about 13 


tons. Punches holes 4”. F. J. Edwards 


Limited, 359 Euston Road, London, N.W.1 
or 41 Water Street, Birmingham 3. 





“ENGLISH ELECTRIC’ 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWEC 2/300 double-operator sets, 
and a full range of 
MULTI-OPERATOR EQUIPMENT 
In-built power factor correction 
capacitors available. 

Hire of equipment can also be arranged. 
The ENGLISH ELECTRIC Company Ltp. 

Welding Equipment Department 


East Lancashire Road, Liverpool, 10 
Telephone: AINtree 3641 
W.A.24 








WELDING 

EQUIPMENT | ern: 
OF 5 Seetres 

IMMEDIATE 9 Detivery ana 
HIRE 


collection arranged. 
WELDING RODS LTD. 
Brightside House, Sheffield 9 
Telephone: 42494 Grams: “‘Weldrod’’ 


Engine driven D/C 
generators up to 600 














For 


SPOT WELDING 
ELECTRODES 


contact 
WYLDE GREEN 
Engineering Co. Ltd. 
146 BIRMINGHAM ROAD 
SUTTON COLDFIELD 


Phone: SUT 1681 P.B.X. 


who have been on the job for 
nearly 20 years. Good deliveries. 
First-class work. Reasonable 
prices. 





Agents for ‘“MALLORY’”’ 
Resistance Weld. Products 











“BRONX” TYPE 910. 90-TONS PRESS 
BRAKE for sale. All-steel construction. 
Pressure 90 tons. Rated capacity in mild 
steel, 10 ft. x 10 S.W.G. Length over 
beam 12 ft. Width between columns 10’ 4”. 
Arranged motor drive 400/440/3/50. Full 
length die with four openings and segmental 
top tool 6” deep suitable for tray work. 
Weight about 11 tons. F. J. Edwards 
Limited, 359 Euston Road, London, N.W.1 
or 41 Water Street, Birmingham 3. 


SERVICES OFFERED 
FACTORY TIME RECORDERS. Rental 
service. Phone: Hop 2239. Time Recorder 
Supply and Maintenance Co. Ltd., 157- 
159 Borough High Street, London S.E.1. 


BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully at sets—110 amp £27, 180 
amp 250 amp £75, 300 am 10s., 
350 amp £105, 450 amp £138 10s. etc. 
Also two-operator 180, 250, 300 and 350 
amp models ex stock from £110. Will 
parallel for double output. 
Combined welding and eas sets also 
available at £29 
Send for leaflets and booklet = Britain’s 
largest electric welding plant stockist. 


C. G. & W. YOUNG, 
1SA COLNE ROAD, TWICKENHAM, 
POP. 5168 














Complete range, 
30-600 amps 


=~ DIESEL 
ELDING PLANT 


WELDING 
INDUSTRIES L™® 


Blackswarth Road, Bristol 5. Phone 58408 




















MIDDLESEX COUNTY COUNCIL 
EDUCATION COMMITTEE 


TOTTENHAM 


TECHNICAL COLLEGE 
High Road, London N.15 
Telephone: LATimer 1414 

Principal: E. T. S. HOFFMAN, M.A. 


Session 1961/62 
The Department of Building Techno- 
logy is offering the following part-time 
Day and Evening Courses in the Metal 
Work Section: 


1. Plumbers’ Work 
Ordinary and Final City and 
Guilds Certificate Courses 


2. Welding 
Ordinary and Advanced City and 
Guilds Certificate Courses 
Enrolments and Enquiries 


12th, 13th and 14th September 1961 
2-4 and 6-8 p.m. 


All Courses commence on 
Monday, 18th September 








First class man with experience of 
submerged arc and CO, welding 
required by expanding firm in 
West Surrey for testing and 
servicing machines. Must be 
qualified to drive, free to travel 
and have electrical knowledge, 
£800 per annum starting salary. 
Please write Box. No. 261. 














Mapel Men have 


all-seeing eyes — where 


\ ies WATCHFUL EVE OF 


fT 











MAPEL MEN are skilled in the supervision and 
inspection of welding, using either visual, X-ray, 
gamma-ray, ultrasonic or other non-destructive 
methods. 
Inspection of steel structures, tanks, pressure 
vessels, pipelines, and welded or fabricated 
equipment, can be undertaken to any specifica- 
tion. 

MAPEL undertakes evaluation of electrodes, 
formulation of procedure tests, and carries out 
stress relieving investigations and other prob- 
lems in this field. 

An addition to the MAPEL range of non- 
destructive testing services is the closed circuit 
television service for examining structures 
below water, particularly in cases where it is 
impossible for a diver to carry out a visual 
examination due to water turbidness. 


MAPEL WELDING INSPECTION SERVICE CAN PROTECT YOU 


World Wide Service 


METAL AND PIPELINE ENDURANCE LTD. 


Woolmer Green, Knebworth, Herts. Tel: Knebworth 3083. Grams: Metaldure, Knebworth. 
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Perforated 





Metals for 
Industry 


J. & F. Pool Perforated 
Metals are today giving 
splendid service in over 40 
great industries. it is 
first-class equipment 

at the right price! 


OoL LTDYD 


Hayle, Cornwall Hayle 3213 





A.1 Electric Welding Machines Ltd. 


Brent Chemical Products Ltd. 
British Oxygen Co. . 


English Electric Co. Ltd., The 
Firth-Vickers Stainless Steel Ltd . 


Research & Control Instruments Ltd. . 
Rockweld Ltd. . . . 
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= PHILIPS 


CO, WELDING 
CAN CUT 
COSTS BY 507 


Study these advantages 


e Investigations show that in many applica- 
tions Philips CO, Welding can cut costs by 
up to 50% 


e Higher deposition rates 


eContinuous wire feed—no stopping to 
change electrodes 


e No de-scaling on multiple runs 

e Reduced operator fatigue 

e Light, well-balanced gun 

e Equally efficient on production runs or single 
maintenance jobs 

Sole distributors in U.K. 

RESEARCH & CONTROL 

INSTRUMENTS LIMITED 


207 KING'S CROSS ROAD, LONDON, W.C.1 
TELEPHONE: TERMINUS 2877 
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